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Sir: 



Pursuant to 37 CFR 1.56, 1.97, and 1.98, the documents listed on the accompanying 
substitute PTO Form 1449 are called to the attention of the Examiner for the above patent 
application. Copies of these documents are enclosed, including translations where indicated. 
Copies of English abstracts of all the cited Japanese Patent Publications ("JPPs") are also 
enclosed, except for JPP 63-124762, a utility model JPP. 

The present application is a file-wrapper continuation of parent U.S. patent application 
08/453,285 which, in turn, is a file-wrapper continuation of grandparent U.S patent 
application 08/086,976. Hence all documents cited in parent application 08/453,285 and in 
grandparent application 08/086,976 are of record in the present application. 

JPP 62-12167 was previously cited in grandparent application 08/086,976 and is 
re-cited here because an English translation of JPP 62-12167 is enclosed. 

JPP 62-37965 was previously cited in grandparent application 08/086,976 using the 
partial number "0037965". JPP 62-37965 is re-cited here for clarity using its full publication 
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number. Also, the JPP 62-37965 publication date, previously given as 15 February 1987, is 
corrected here to 18 February 1987. 

Blanchard, "Optimization of High Power MOS Transistors", was cited in parent 
application 08/453,285 and is re-cited here to identify the page numbers and indicate that the 
document is a Ph.D. dissertation. 

Katoh et al, "Design of New Structural High Breakdown Voltage V-MOSFET -- Static 
Shield V-MOSFET", was cited earlier in this application and is re-cited here because a copy 
of the Japanese version of the document is enclosed. 

Ueda et al, "High Speed Power MOSFET, U-MOS Power FET", was cited earlier in 
this application using the partial title "U-MOS Power FET" and is re-cited here (a) to present 
the full title and (b) because an English translation is enclosed. Inasmuch as the Japanese 
version of Ueda et al, "High Speed Power MOSFET, U-MOS Power FET", has two sets of 
page numbers, both sets of page numbers "335 - 442" and "143 - 150" are included here in the 
citation rather than the single set of page numbers "143 - 150" previously used in the citation. 

Applicants 1 attorney does not have an English translation of Kato et al, "A Study for 
High Voltage V-MOS Structure". However, Kato et al, "A Study for High Voltage V-MOS 
Structure", appears to deal with material similar to that in Katoh et al, "Design of New 
Structural High Breakdown Voltage V-MOSFET— Static Shield V-MOSFET", and similar to 
that in Katoh et al, "Design of High Breakdown V-MOSFET Applying Static Shield Effect". 

Applicants' attorney recognizes that the enclosed copies of some of the cited 
documents repeat copies previously provided to the PTO in connection with the present 
application, with parent application 08/453,285, or with grandparent application 08/086,976. 
To the extent that such accumulation of multiple copies may be inconsistent with PTO policy 
or rules, Applicants' attorney requests the Examiner to discard the earlier-provided copies. 

Further enclosed to simplify printing of the present application is a Summary of all the 
Documents Cited, i.e., now of record, in the present application and suitable for being listed 



on the first page of the patent as "References Cited". In the enclosed Summary of Cited 
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Documents, the citations for some of the journal articles have been simplified by deleting 
unnecessary material such as the names of authors after the first-named authors. 
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Siliconix inc. ("Siliconix"), the assignee of the present application, is also the assignee 
of (a) U.S. Patent 5,072,266, the great great grandparent of the present application, and 
(b) U.S. Patent 5,298,442, the great grandparent of the present application. 

Siliconix sued Fairchild Semiconductor Corp. ("Fairchild") for infringement of U.S. 
Patents 5,072,266 and 5,298,442. The patent infringement suit, now settled, was brought in 
the Northern District of California as case no. 99-047 97 SBA . In the infringement suit, 
Fairchild submitted a 66-page Response Chart in which Fairchild alleged that certain claims 
of U.S. Patents 5,072,266 and 5,298,442 were invalid as anticipated by, or/and obvious in 
view of, certain references cited in the Response Chart. 

A copy of the Response Chart, dated 30 August 2000, is enclosed. Subject to the 
comments in the next two paragraphs, all of the documents cited in the Response Chart are 
included with the enclosed substitute PTO Form 1449 or are already of record in the present 
application including parent application 08/753,285 and grandparent application 08/086,976. 
Likewise, aside from the documents already of record in the present application, copies of all 
the documents cited in the Response Chart are included with the enclosed copies of the 
references cited in the substitute PTO Form 1449. 

On page 3 of the Response Chart, the citation to Kato et al, "A Study of High Voltage 
V-MOS Structure", should apparently be Kato et al, "A Study for High Voltage V-MOS 
Structure". That is, "of in the title should apparently be "for". 

Page 3 of the Response Chart cites (a) Katoh et al, "Design of High Breakdown 
Voltage V-MOSFET Applying Static Shield Effect," IEICE Transactions C Vol. 66, No. 6, 
1983, and then (b) Kato et al, "High Voltage-ization Using Static Shield Effect", Electrical 
Communications Laboratories Technical Journal . Vol. 33, No. 2, 1984. As far as applicants' 
attorney can determine, these two documents are respective English and Japanese versions of 
a single reference. Also, the journal/date citation information appears to be wrong for the 
English version, item (a). Referring to the enclosed substitute PTO Form 1449 and the 
accompanying copies of the cited documents, items (a) and (b) appear to be Katoh et al, 
"Design of High Breakdown Voltage V-MOSFET Applying Static Shield Effect", Review of 
the Electrical Communications Laboratories (which is probably an alternative English 
translation of the Japanese journal translated into English as Electrical Communications 
Laboratories Technical Journal for item b) while the remaining citation information is Vol. 
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32, No. 6, 1984, pages 1 107-1 1 14, for the English version, and Vol. 33, No. 2, 1984, pages 
257-268, for the Japanese version. 

In the Siliconix/Fairchild patent infringement suit, Fairchild also submitted an 
Amended Initial Disclosure of Defendant Fairchild Semiconductor - Prior Art in which 
Fairchild cited over five hundred references, including references cited in the Response Chart. 
A copy of this Amended-Initial Prior. Art Disclosure, likewise dated 30 August 2000, is 



enclosed. 

Certain of the references cited in the Amended Initial Prior Art Disclosure are 
classified as "102" or/and "103" references with respect to U.S. Patents 5,072,266 and 
5,298,442. However, the Amended Initial Prior Art Disclosure does not cite any particular 
claim(s) of U.S. Patents 5,072,266 and 5,298,442, and does not provide any analogies 
between any of the claims of U.S. Patents 5,072,266 and 5,298,442, on one hand, and the 
material of any of the cited references, including the "102", "102/103", and "103" references, 
on the other hand. All of the "102" references, including three "102" references not 
mentioned in the Response Chart, are listed on the accompanying substitute PTO Form 1449 
or are already of record in the present application. 

Aside from the references cited in both the enclosed substitute PTO Form 1449 and 
the Amended Initial Prior Art Disclosure, Applicants 1 attorney has not obtained copies of 
and/or reviewed any of the further references cited in the Amended Initial Prior Art 
Disclosure in connection with the present application, and expresses no view as to the 
materiality of any of these further references to any of the claims of this application. The 
enclosed copy of the Amended Initial Prior Art Disclosure is provided in fulfillment of 
applicants' attorneys' obligation of candor and good faith with the PTO. 

If the Response Chart and the Amended Initial Prior Art Disclosure themselves need 
to be listed on a (substitute) PTO Form 1449 in order for the Examiner to be obligated to 
consider these two Fairchild documents, please so inform Applicants 1 attorney. 

Citation of the above documents shall not be construed as: 

1 . an admission that the documents are necessarily prior art with respect to the 
instant invention; 
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3. an admission that the information cited herein is, or is considered to be, 
material to patentability as defined in 37 CFR 1.56(b). 

Please telephone Applicants 1 attorney at 408-453-9200, ext. 1371, if there are any 
questions regarding this submission. 



EXPRESS MAIL LABEL NO. 



EL 945 229 950 US 



Respectfully submitted, 



Ronald J. Meetin 
Attorney for Applicants 
Reg. No. 29,089 
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Silicon Valley 



1 4 TERRENCE P. McMAHON (State Bar No. 71910) 



WILLIAM L. ANTHONY, JR. (State Bar No. 106908) 
MONTE COOPER (State Bar No. 196746) 
KAI TSENG (State Bar No. 19375Q 
THOMAS J. GRAY (State Bar No. 191411) 
ORRICK, HERRINGTON & SUTCLIFFE LLP 
1020 Marsh Road 
MenloPark,CA 94025 
Telephone: (650) 614-7400 
Facsimile: (650) 614-7401 

Attorneys for Defendant 

FAIRCHILD SEMICONDUCTOR CORPORATION 



4&> 



SILICONLX INCORPORATED, a 
Delaware corporation, 

Plaintiff, 



UNITED STATES DISTRICT COURT 
NORTHERN DISTRICT OF CALIFORNIA 
(OAKLAND DIVISION) 

CASE NO. 99-04797 SBA 



v. 



FAIRCHILD SEMICONDUCTOR 
CORPORATION, a Delaware corporation, 

Defendant. 



RESPONSE CHART 
(Civil L.R. 16-9(b)) 



m 

£2 

ar 

.2 CD 



m 



Pursuant to Civil Local Rule 16-9(b), Fairchild Semiconductor Cgpqrftioig 

ro 

("Fairchild") herein serves its response chart on Plaintiff Siliconix Incorporated^'Siliconix"). 
Fairchild provides the following claim invalidity analysis under 35 U.S.C. §§ 102 and 103. 

I. INTRODUCTION 

Local-Rule 16-9(a) requires that the party alleging infringement of a patent must 

submit a claim chart which "must contain" information identifying "where each element of each 

infringed claim is found within each apparatus, product [or] device . . .". L.R. 16-9(a)(4). 

Siliconix's claim chart alleges that Claim 1 of U.S. Patent No. 5,072,266 ("the '266 patent")and 

Claims 17, 18, 19, 20, 22, 23 and 24 of U.S. Patent No. 5,298,442 ("the '442 patent") are 

infringed by the Fairchild FDS 6680A product. Siliconix has failed to provide a claim chart which 

applies the asserted claims of the '266 patent and '442 patent against any other Fairchild product. 

nnr«V2-S00277 I RESPONSE CHART PURSUANT TO CIVIL L.R. I«-9(b) 
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Accordingly, Siliconix should be precluded from asserting infringement of the '266 patent and/or 
'422 patent against any other Fairchild product. 
II. RESPONSIVE CHART 

The following chart indicates which claims of the patent are anticipated by which 
pieces of prior art. Please note that the information in this document is provisional and subject to 
revision, for the following reasons: 

(i) Fairchild' s position on the invalidity of particular claims will depend on 
how those claims are construed by the Court. Because claim construction has not yet occurred, 
Fairchild cannot take a final position on the bases for invalidity of disputed claims because the 
Court may construe those claims to mean something different from what Fairchild presently 
assumes them to mean. 

(ii) Fairchild has not yet completed its search for prior art. 

(iii) Fairchild has not completed its discovery from Plaintiff. Depositions of the 
persons involved in the drafting and prosecution of the patent-in-suit, and of the inventor, for 
instance, will likely reveal information that affects the conclusions herein. 

Fairchild reserves the right to revise and/or supplement the claim chart. Fairchild 
incorporates herein the prosecution file history of the '266 patent and the '442 patent. 

Presently, Fairchild intends to rely upon the following prior art patents and 

references: 

JP 55146976 
JP 58137254 
JP 62-16572 

Physics and Technology of Power MOSFETs, Shi-Chung Sun, UMI Dissertation Services, 
February 1982 

Optimization of Discrete High Power MOS Transistors, Richard A. Blanchard, UMI 

Dissertation Services, Dec. 1981 
JP 62012167 
U.S. Patent 4,420,379 

DOCSS V2 500277. 1 RESPONSE CHART PURSUANT TO CIVIL L.R. 16-9(b) 
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JP 63-124762 

JP 63-224260 

JP 59-181668 

JP 54-57871 

JP 57-72365 

JP 59-193064 

JP 60-28271 

JP.57-18365 

JP 59-80970 

U.S. Patent 4,345,265 

US. Patent 4,443,931 

U.S. Patent 4,532,534 

U.S. Patent 4,374,455 

U.S. Patent 4,767,722 

U.S. Patent 3,412,297 

U.S. Patent 4,783,694 

U.S. Patent 4,593,302 

Design of New Structural High Breakdown Voltage V-MOSFET- Static Shield V- 

MOSFET, Kuniharu Katoh and Yuki Shimada, Electronics and Communications in 
. Japan, Vol. 66-C, No. 6, 1983 
A Study of High Voltage V-MOS Structure, Kunihara Kato, et al., IEICE Transactions C, 

Vol. 84, No. 7(ED81-4), 1981. 
Design of High Breakdown Voltage V-MOSFET Applying Static Shield Effect, Kunihara 

Kato, et al, IEICE Transactions C, Vol. 66, No. 6, 1983. 
High Voltage-ization Using Static Shield Effect, Kunihara Kato, et al., Electrical 

Communications Laboratories Technical Journal, Vol. 33, No. 2, 1984. 
U-MOS Power MOSFET, Daisuke Ueda, et al., National Technical Report, Vol. 29, No. 2, 

Apr. 1983 

DOCSSV2:500277. 1 RESPONSE CHART PURSUANT TO CIVIL L.R. 16-9(b) 
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Fairchild reserves the right to rely upon the prior art patents disclosed in Fairchild's 
Amended Initial Disclosure of Prior Art after a claim construction is performed by the Court. 

Fairchild provides the following claim invalidity analysis under 35 U.S.C. §§ 102 
and 103. In the event that any cited prior art is found not to be anticipatory under 35 U.S.C. § 102, 
Fairchild reserves the right to rely upon the cited prior art to prove obviousness under 35 U.S.C. 
§ 103. 

Prior Art Under 35 U.S.C. S 102 Which Anticipates the '568 Patent : 
JP 55146976 
JP 58137254 
JP 62-16572 

Physics and Technology of Power MOSFETs, Shi-Chung Sun, UMI Dissertation Services, 
February 1982 

Optimization of Discrete High Power MOS Transistors, Richard A. Blanchard, UMI 

Dissertation Services, Dec. 1981 
JP 62012167 
U.S. Patent 4,420,379 
JP 63-124762 
JP 63-224260 
JP 59-181668 
JP 54-57871 
JP 57-72365 
JP 59-193064- 
JP 60-28271 
JP 57-18365 
JP 59-80970 

U-MOS Power MOSFET, Daisuke Ueda, et al., National Technical Report, Vol. 29, No. 2, 
Apr. 1983 
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The Following References (referred hereinafter as "KATOH"! Will Be Analyzed Together: 
Design of New Structural High Breakdown Voltage V-MOSFET- Static Shield V- 

MOSFET, Kuniharu Katoh and Yuki Shimada, Electronics and Communications in 

Japan, Vol. 66-C, No. 6, 1983 
A Study of High Voltage V-MOS Structure, Kunihara Katoh, et al, IEICE Transactions C, 

Vol.81,No.7(ED81-4) t 1981. 
Design of High Breakdown Voltage V-MOSFET Applying Static Shield Effect, Kunihara 

Katoh, et al., IEICE Transactions C, Vol. 66, No. 6, 1983. 
High Voltage-ization Using Static Shield Effect, Kunihara Katoh, et ah, Electrical 

Communications Laboratories Technical Journal, Vol. 33, No. 2, 1984. 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 



U.S. Patent 5,072,266 



CLAIM 1 



JP55146976 



. A trench DMOS transistor cell comprising: 



Double Diffusion Insulating Gate Field Effect Transistor 



substrate of semiconductor material of heavily doped 
irst electrical conductivity type; 



N+ layer (101) 



first covering layer of semiconductor material of said 
irst electrical conductivity type lying on the substrate; 



N- layer (102) 



second covering layer of semiconductor material of 
^cond electrical conductivity type lying on the first 
overing layer; 



Player (3) 



third covering layer of semiconductor material of 
eavily doped said first electrical conductivity type and 
aving a top surface and partly lying over the second 
overing layer, wherein a portion of the second covering 
Lyer is heavily doped and this portion extends both 
ertically upward and downward, an upward portion 
^tending through the third covering layer to the top 
lrface of the third covering layer and a downward 
ortion extending downward into the first covering 
yer; 



N+ layer (104) 

the P layer (3) has a heavily doped P+ region (103) 
which extends upward through the N+ layer (104) and 
which extends downward (110-1 and 110-2) into the N- 
layer(102) 



trench having a bottom surface and side surfaces and 
(tending vertically downward from the top surface of 
ie third covering layer through the third covering layer 
id the second covering layer and through a portion of 
Le first covering layer, wherein the bottom surface of 
Le trench lies above a lowest part of the downward 
Jrtion of the second covering layer; 



trench (5) with a bottom surface and side surfaces which 
extend vertically downward from the top surface of the 
N+ layer (104) through the N+ layer (104), the P layer 
(3) and through a portion of the N- (102) layer, wherein 
the bottom surface of the trench (5) lies above a lowest 
part of the downward portion of the P+ region of the P 
layer. 



ectrically conducting semiconductor material 
jsitioned within the trench; 



semiconductor material (107) 
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a layer of oxide positioned within the trench between the oxide ( 1 06) 
electrically conducting semiconductor material and the 

bottom and side surfaces of the trench; and 

three electrodes electrically coupled to the electrically three electrodes electrically coupled to the semiconductor 
conducting semiconductor material, to the third covering material (107), to the N+ layer (104) and to the N+ 
layer and to the substrate, respectively. | substrate (101). 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 



U.S. Patent No. 5,298,442 



JP 55146976 



CLAIM 17 



17. A method for providing a transistor, said method 
comprising the steps of : 



Double Diffusion Insulating Gate Field Effect Transistor 



providing a first region of a first conductivity type; 



N+ layer (101) and N- layer (102) 



providing a second region of a second conductivity type 
over said first region; 



P layer (3) formed by a first diffusion 



providing a third region of said first conductivity type 
such that said first and third regions are separated by 
said second region; ■ 



N+ layer (104) formed by a second diffusion 



providing a trench through said third and second 
regions; and 



trench (5) with a bottom surface and side surfaces which 
extend vertically downward from the top surface of the 
N+ layer (104) through the N+ layer (104), the P layer ' 
(3) and through a portion of the N- (102) layer. 



providing a gate in said trench; 



Al gate electrode (107) 



wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



the P layer (3) has a heavily doped P+ region (103) 
which extends upward through the N+ layer (104) and 
which extends downward (110-1 and 1 10-2) through the 
N- layer (102) deeper than the trench (5) 



CLAIM 18 



1 8. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 



the P layer (3) has a heavily doped P+ region (103) 
laterally spaced from the trench (5) 



CLAIM 19 



19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
than said first portion. 



N+ layer (101) under N- layer (102) 



CLAIM 20 



20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 
second portion. 



avalanche breakdown is a reach-through breakdown 
across the N- layer (102) 



CLAIM 22 



21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 
trench and said gate. 



oxide (106) 
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CLAIM 23 



23. A method for providing a transistor, said method 
comprising the steps of: 



Double Diffusion Insulating Gate Field Effect Transistor 



providing a first region of a first conductivity type; 



N+ layer (101) 



providing a second region of said first conductivity type 
over said first region, said second region being lighter 
doped than said first region; 



N- layer (102) 



providing a third region of a second conductivity type 
3ver said second region, said second and third regions 
forming a junction; 



P layer (3) formed by a first diffusion 



Droviding a fourth region of said first conductivity type 
jver said third region; 



N+ layer (104) formed by a second diffusion 



sroviding a trench through said fourth region and third 
egions; and 



trench (5) with a bottom surface and side surfaces which 
extend vertically downward from the top surface of the 
N+ layer (104) through the N+ layer (104), the P layer 
(3) and through a portion of the N- (102) layer. 



providing a gate in said trench; 



Al gate electrode (107) 



therein a deepest part of said third regions is laterally 
ipaced from said trench; 



P layer (3) is laterally spaced from said trench 



therein a distance between said deepest part of said 
hird region and said first region is less than a depletion 
vidth of a planar junction which has the same doping 
>rofile as does said junction between said second and 
hird regions at said deepest part of said third region and 
vhich is reverse biased around its breakdown voltage. 



the. distance between the deepest part of the P layer (3) 
and the N+ layer (101) is less than a depletion width of a 
planar junction which has the same doping profile as 
does the junction between the N- layer (102) and the P 
layer (3) at the deepest part of the P layer (3) and which- 
is reverse biased around its breakdown voltage 



CLAIM 24 



14. The method of claim 23 wherein said deepest part of 
aid third region is doped heavier than a part of said 
hird region which part is adjacent said trench. 



the deepest part of the P layer (3) is heavier doped (P+ 
region(103)) than the part of the P layer (3) adjacent 
trench (5) 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 



U.S. Patent 5,072,266 



JP 58137254 



CLAIM 1 



A trench DMOS transistor cell comprising: 



Insulated Gate Semiconductor Device 
See Fig. 7 



substrate of semiconductor material of heavily doped 
irst electrical conductivity type; 



N+ layer (1) 



first covering layer of semiconductor material of said 
irst electrical conductivity type lying on the substrate; 



N- layer (2) 



second covering layer of semiconductor material of 
econd electrical conductivity type lying on the first 
overing layer; 



Player (13) 
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a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 

iayejj 

a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 

portion of the second covering layer; , 

electrically conducting semiconductor material 

positioned within the trench; 

a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 

bottom and side surfaces of the trench; and 

three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 



N+ layer (14); 

the P layer (13) has a heavily doped P+ region (19) 
portion which extends upward through the N+ layer (14) 
and which extends downward into the N- layer (2) 



trench with a bottom surface and side surfaces which 
extend vertically downward from the top surface of the 
N+ layer (14) through the N+ layer (104), the P layer 
(13) and through a portion of the N- (19) layer, wherein 
the bottom surface of the trench lies above a lowest part 
of the downward portion of the P+ region of the P layer. 



gate semiconductor material (17) 



oxide insulating film (16) 



three electrodes electrically coupled to the gate 
semiconductor material (17), to the N+ layer (14) and to 
the N+ substrate ( 1 ). ^^^^^ 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 



U.S. Patent No. 5,298,442 

CLAIM 17 

17. A method for providing a transistor, said method 

comprising the steps of : 

providing a first region of a first conductivity type; 
providing a second region of a second conductivity type 

over said first region; 

providing a third region of said first conductivity type 
such that said first and third regions are separated by 

said second region; 

providing a trench through said third and second 
regions; and 



providing a gate in said trench; 



JP 581372541 



Insulated Gate Semiconductor Device 

See Fig. 7 

N+ layer ( 1 ) and N- layer (2) 

P layer (13) formed by a first diffusion 



N+ layer (14) formed by a second diffusion 



trench with a bottom surface and side surfaces which 
extend vertically downward from the top surface of the 
N+ layer (14) through the N+ layer (14), the P layer (13) 

and through a portion of the N- (2) layer. 

gate semiconductor material (17) 
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wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



CLAIM 18 

18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 

trench. 

CLAIM 19 

19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 

than said first portion. 

CLAIM 20 

20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 

second portion. 

CLAIM 22 . 

21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 

trench and said gate. 

CLAIM 23 

23. A method for providing a transistor, said method 

comprising the steps of: 

providing a first region of a first conductivity type; 
providing a second region of said first conductivity type 
over said first region, said second region being lighter 

doped than said first region; 

providing a third region of a second conductivity type 
over said second region, said second and third regions 

forming a junction; 

providing a fourth region of said first conductivity type 

over said third region; 

providing a trench through said fourth region and third 
regions; and 



providing a gate in said trench; 

wherein a deepest part of said third regions is laterally 

spaced from said trench; 

wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 



the P layer (13) has a heavily doped P+ region (19) 
which extends upward through the N+ layer (14) and 
which extends downward through the N- layer (2) deeper 
than the trench 



the P layer (13) has a heavily doped P+ region (19) 
which is laterally spaced from the trench 



N+ layer (1) under N- layer (2) 



avalanche breakdown is a reach-through breakdown 
across the N- layer (2) 



oxide insulating film (16) 



Insulated Gate Semiconductor Device 



N+ layer (1) 
N- Layer (2) 



P layer (13) formed by a first diffusion 



N+ layer (14) formed by a second diffusion 



V trench which extends vertically downward from the 
top surface of the N+ layer (14) through the N+ layer 
(14), the P layer (13) and through a portion of the N- (2) 

layer. 

gate electrode (17) 

P layer (13) is laterally spaced from said V trench 



the distance between the deepest part of the P layer (13) 
and the N+ layer (1) is less than a depletion width of a 
planar junction which has the same doping profile as 
does the junction between the N- layer (2) and the P layer 
(13) at the deepest part of the P layer (13) and which is 
reverse biased around its breakdown voltage 
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CLAIM 24 




24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench 


the P layer (13) has a heavily doped P+ region (19) 
which is laterally spaced from the trench 




INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5.072.266 


U.S. latent 5,072,266 | 
CLAIM 1 


JP 6216572 


1- A trench DMOS transistor cell comprising: T 


Vertical-type Semiconductor Device and Manufacturing 
Method Therefore 

See figs. 1(a) and 1(b) 


a substrate of semiconductor material of heavily doped 
first electrical conductivity type; | 


N+ layer (1) 


a fas* covering layer of semiconductor material of said f 
first electrical conductivity type lying on the substrate- 


N layer (2) 


a second covering layer of semiconductor material of ( 
second electrical conductivity type lying on the first 
covering layer; 


P layer (4) 



heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 
layer; 



N+ layer (8) (p. 1 1 of translation: "Contracted by an n+. 
type semiconductor layer 8, the p-type semiconductor 
layer 4 (channel region) thus forms long and short 
portions underneath the n+-type semiconductor layer 8.") 

p. 1 1 of translation: "Forming p+-type semiconductor 
layers 3 in cells by photolithography is used as another 
way of reducing the likelihood of the punch-through 
phenomenon occurring in conventional DSA MOS 
FETs." 

the P layer (4) has a heavily doped P+ region (3) portion 
which extends upward through the N+ layer (1) and 
which extends downward into the N layer (2) 



a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 
portion of the second covering layer; 



p. 12 of translation: "The vertical- type semiconductor 
device in accordance with the present invention is 
characterized by comprising a semiconductor substrate of 
a first conduction type whose principal surface is 
provided with a groove; a semiconductor film or 
conductor film pattern formed through the agency of a 
first insulating film over the groove formed in the 
principal surface of the semiconductor substrate . . 

As seen from Fig. 1(b), the P layer (4) has a heavily 
doped P+ region (3) portion which extends upward 
through the N+ layer (8) and which extends downward 
into the N layer (2) 



electrically conducting semiconductor material 
positioned within the trench; 



source Al electrode 9 is formed on this insulating film 

p. 12 of translation: "... a semiconductor film or 
conductor film pattern formed through the agency of a 
| first insulating film over the groove formed in the 
principal surface of the semiconductor substrate . 
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1 

2 


a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 
bottom and side surfaces of the trench; and 


firct inculatina film 

1U31 ALU Li. Id ll| \ l£_ 1 1 III! 1 Jfl 1 


3 
4 


three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 


Source Al electrode (9a). 
Gate Al electrode (9b). 


5 




Since the device is a vertical-type semiconductor device, 
the N+ layer (1) must have a drain electrode. 


6 




7 


INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 


g 
0 


U.S. Patent No. 5,298,442 


JP 62-16572 




CLAIM 17 




9 
10 


17. A method for providing a transistor, said method 
comprising the steps of : 


Vertical-type Semiconductor Device and Manufacturing 
Method Therefore 




See figs. 1(a) and 1(b) 


11 


providing a first region of a first conductivity type; 


N+ layer (1) and N layer (2). 


12 


providing a second region of a second conductivity type 
over said first region; 


P layer (4) with a P+ region (3). 


13 
14 


providing a third region of said first conductivity type 
such that said first and third regions are separated by 
said second region; 


N+ layer (8) (p. 1 1 of translation: "Contracted by an n-h- 
type semiconductor layer 8, the p-type semiconductor 
layer 4 (channel region) thus forms long and short 
portions underneath the n+-type semiconductor layer 8 ") 


15 
16 


providing a trench through said third and second 
regions; and 


p. 12 of translation: "The vertical-type semiconductor 
device in accordance with the present invention is 
characterized by comprising a semiconductor substrate of 

a first CnnnilCtiftn tVT*f* U/lincp Tvrinr'inol cn-i-fos-»£* i« 
** vvuuuifuuu ijr L/C vviiu jC principal SUTluCe IS 

provided with a groove; ..." 


17 
18 


providing a gate in said trench; 


p. 12 of translation: "... a semiconductor film or 
conductor film pattern formed through the agency of a 
first insulating film over the groove formed in the 
principal surface of the semiconductor substrate . . " 


19 
20 
21 


wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 


the P layer (4) has a heavily doped P+ region (3) which 
extends upward through the N+ layer (8) and which 
extends downward through the N- laver 0\ Hppnpr than 
the groove 


23 


CLAIM 18 




24 

25 


18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 


the P layer (4) has a heavily doped P+ region (3) which is 
spaced away from the groove 


26 " 


CLAIM 19 




27 

28 " 


19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
than said first portion. 


N+ layer (1) under N layer (2). 


Orrick 
Herrington 

& SUTCLIFFE LLP 
Silicon Valley 
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CLAIM 20 



20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 
second portion. 



avalanche breakdown is a reach-through breakdown 
across the N layer (2) 



CLAIM 22 



21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 
trench and said gate. 



first insulating film (5a) 



CLAIM 23 



23. A method for providing a transistor, said method 
comprising the steps of: 



Vertical-type Semiconductor Device and Manufacturing 
Method Therefore 

See figs. 1(a) and 1(b) . 



providing a first region of a first conductivity type; 



N+ layer (1) 



providing a second region of said first conductivity type 
over said first region, said second region being lighter 
doped than said first region; 



N layer (2) 



providing a third region of a second conductivity type 
over said second region, said second and third regions 
forming a junction; 



P layer (4) 



providing a fourth region of said first conductivity type 
over said third region; 



N+ layer (8) (p. 1 1 of translation: "Contracted by an n+- 
type semiconductor layer 8, the p-type semiconductor 
layer 4 (channel region) thus forms long and short 
portions underneath the h+-type semiconductor layer 8:") 



providing a trench through said fourth region and third 
regions; and 



p. 12 of translation: "The vertical-type semiconductor 
device in accordance with the present invention is 
characterized by comprising a semiconductor substrate of 
a first conduction type whose principal surface is 
provided with a groove; a semiconductor film or 
conductor film pattern formed through the agency of a 
first insulating film over the groove formed in the 
principal surface of the semiconductor substrate . . ." 

As seen from Fig. 1(b), the P layer (4) has a heavily 
doped P+ region (3) portion which extends upward 
through the N+ layer (8) and which extends downward 
into the N layer (2) 



providing a gate in said trench; 



p. 12 of translation: 4 The vertical-type semiconductor 
device in accordance with the present invention is 
characterized by comprising a semiconductor substrate of 
a first conduction type whose principal surface is 
provided with a groove; . . ." 

p. 12 of translation: "... a semiconductor film or 
conductor film pattern formed through the agency of a 
first insulating film over the groove formed in the 
principal surface of the semiconductor substrate . . 



wherein a deepest part of said third regions is laterally 
spaced from said trench; 



P layer (4) is laterally spaced from said groove. 



DOCSSV2:500277.t 



-12- 



RESPONSE CHART PURSUANT TO dVIL L.R. 16-9(b) 
(Case No. C-99-04797 SBA) 



1 

2 
3 
4 
5 
6 
7 

9 
10 

ii 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 



herein a distance between said deepest part of said 
iird region and said first region is less than a depletion 
idth of a planar junction which has the same doping 
rofile as does said junction between said second and 
rird regions at said deepest part of said third region and 
hich is reverse biased around its breakdown voltage. 



the distance between the deepest part of the P layer (3) 
and the N+ layer (1) is less than a depletion width of a 
planar junction which has the same doping profile as 
does the junction between the N layer (2) and the P layer 
(4) at the deepest part of the P layer (4) and which is 
reverse biased around its breakdown voltage 



CLAIM 24 



4. The method of claim 23 wherein said deepest part of 
lid third region is doped heavier than a part of said 
tird region which part is adjacent said trench. 



the P layer (4) has a heavily doped P+ region (3) which is 
spaced away from the groove 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 



U.S. Patent 5,072,266 



Physics and Technology 
of Power MOSFETs 



CLAIM 1 



. A trench DMOS transistor cell comprising: 



VDMOS - see Figs. 2.1, 2.21 and 3.21 



substrate of semiconductor material of heavily doped 
irst electrical conductivity type; 



N+ layer 



first covering layer of semiconductor material of said 
irst ele ctrical conductivity type lying on the substrate; 



N- layer 



second covering layer of semiconductor material of 
econd electrical conductivity type lying on the first 
overing layer; 



P layer 



third covering layer of semiconductor material of 
eavily doped said first electrical conductivity type and 
Laving a top surface and partly lying over the second 
overing layer, wherein a portion of the second covering 
ayer is heavily doped and this portion extends both 
ertically upward and downward, an upward portion 
xtending through the third covering layer to the top 
urface of the third covering layer and a downward 
lortion extending downward into the first covering 
ayer; 



N+ layer 

As seen in Fig. 2.1, a portion of the P layer is heavily 
doped P+; the P+ region extends vertically upward 
around the N+ layer and downward into the N- layer 



t trench having a bottom surface and side surfaces and 
sxtending vertically downward from the top surface of 
he third covering layer through the third covering layer 
ind the second covering layer and through a portion of 
he first covering layer, wherein the bottom surface of 
he trench lies above a lowest part of the downward 
portion of the second covering layer; 



trench with a bottom surface and side surfaces which 
extend vertically downward from the top surface of the 
N+ layer through the N+ layer, the P layer and through a 
portion of the N- layer. 



ilectrically conducting semiconductor material 
positioned within the trench 



semiconductor material 



i layer of oxide positioned within the trench between the 
ilectrically conducting semiconductor material and the 
jottom and side surfaces of the trench; and 



oxide between the trench and gate 



three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 



three electrodes electrically coupled to the semiconductor 
material, to the top N+ layer and to the N+ substrate. 
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U.S. Patent No. 5,298,442 



Physics and Technology 
of Power MOSFETs 



CLAIM 17 



A method for providing a transistor, said method 
►mprising the steps o f : 



VDMOS-see Figs. 2:1,2.21 and 3.21 



oviding a first region of a first conductivity type; 



N+ layer substrate and N- layer 



oviding a second region of a second conductivity type 
rev said first region; m 



P layer formed by a first diffusion 



■oviding a third region of said first conductivity type 
ich that said first and third regions are separated by 
id secon d region; __ 



N+ layer formed by a second diffusion 



ovi din g a trench through said third and second 
gions; and 



trench with a bottom surface and side surfaces which 
extend vertically downward from the top surface of the 
N+ layer through the N+ layer, the P layer and through a 
portion of the N- layer. 



roviding a gate in said trench; 



Al gate electrode 



herein a portion P of said second region, which portion 
spaced from said trench, extends deeper than said 
ench so that, if a predetermined voltage is applied to 
lid gate and to said third region and another 
redetermined voltage is applied to said first region, an 
Blanche breakdown occurs away from a surface of 
lid trench. 



the P layer has a heavily doped P+ region which extends 
upward through the N+ layer and which extends 
downward through the N- layer deeper than the trench. 



CLAIM 18 



8. The method of claim 17 wherein said portion P of 
aid second region is doped heavier than another portion 
f said second region which portion is adjacent said 
:ench. 



the P layer has a heavily doped P+ region which is 
laterally spaced away from the trench 



CLAIM 19 



9. The method of claim 17 wherein said first region 
omprises a first portion and a second portion over said 
irst portion, said second portion being lighter doped 
lan said first portion. 



N+ layer substrate under the N- layer 



CLAIM 20 



:0. The method of claim 19 wherein said avalanche 
►reakdown is a reach-through breakdown across said 
econd portion. - 



avalanche breakdown is a reach-through breakdown 
across the N- layer 



CLAIM 22 



11. The method of claim 17 further comprising the step 
>f providing an insulator between said surface of said 
r ench and said gate. 



oxide between the trench and gate 



CLAIM 23 



13. A method for providing a transistor, said method 
:omprising the steps of: 



VDMOS - see Figs. 2.1, 2.21 and 3.21 



providing a first region of a first conductivity type; 



N+ layer 



Droviding a second region of said first conductivity type 
jver said first region, said second region being lighter 
loped than said first region; 



N- Layer 
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providing a third region of a second conductivity type 
Dver said second region, said second and third regions 
forming a junction; 



P layer formed by a first diffusion 



providing a fourth region of said first conductivity type 
aver said third region; 



N+ layer formed by a second diffusion 



providing a trench through said fourth region and third 
regions; and 



trench with a bottom surface and side surfaces which 
extend vertically downward from the top surface of the 
N+ layer through the N+ layer, the P layer and through a 
portion of the N- layer. 



providing a gate in said trench; 



Al gate electrode 



wherein a deepest part of said third regions is laterally 
spaced from said trench; 



P layer is laterally spaced from said trench 



wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 



the distance between the deepest part of the P layer and 
the N+ layer is less than a depletion width of a planar 
junction which has the same doping profile as does the 
junction between the N- layer and the P layer at the 
deepest part of the P layer and which is reverse biased 
around its breakdown voltage 



CLAIM 24 



24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



the P layer has a heavily doped P+ region which is 
laterally spaced away from the trench 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 


U.S. Patent 5,072,266 


Optimization of Discrete 
High Power MOS Transistors 


CLAIM 1 




1. A trench DMOS transistor cell comprising: 


VMOS Structure - see Fig. 4.22 


a substrate of semiconductor material of heavily doped 
first electrical conductivity type; 


N+ layer 


a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 


N- layer 


a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 
covering layer; 


P layer 


a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 
layer; 


N+ layer; 

the P layer has a heavily doped P+ region portion which 
extends upward through the N+ layer and which extends 
downward into the N layer. 


a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 


trench with a bottom surface and side surfaces which 
extend vertically downward from the top surface of the 
N+ layer through the N+ layer, the P layer and through a 
portion of the N- layer. 
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tie first covering layer, wherein the bottom surface of 
tie trench lies above a lowest part of the downward 
ortion of the second covering layer; 



lectrically conducting semiconductor material 
ositioned within the trench; 



semiconductor material 



layer of oxide positioned within the trench between the 
lectrically conducting semiconductor material and the 
•ottom and side surfaces of the trench; and 



oxide between the trench and gate 



tuee electrodes electrically coupled to the electrically 
onducting semiconductor material, to the third covering 
ayer and to the substrate, respectively. 



three electrodes electrically coupled to the semiconductor 
material, to the top N+ layer and to the N+ substrate. 
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Optimization of Discrete 
High Power MPS Transistors 



CLAIM 17 



7. A method for providing a transistor, said method 
comprising the steps of : 



VMOS Structure - see Fig. 4.22 



troviding a first region of a first conductivity type; 



N+ layer substrate and N- layer 



woviding a second region of a second conductivity type 
>ver said firs t region; 



P layer formed by a first diffusion 



>roviding a third region of said first conductivity type 
uch that said first and third regions are separated by 
aid secon d region; 



N+ layer formed by a second diffusion 



>roviding a trench through said third and second 
egions; and 



trench with a bottom surface and side surfaces which 
extend vertically downward from the top surface of the 
N+ layer through the N+ layer, the P layer and through a 
portion of the N- layer. 



)roviding a gate in said trench; 



Al gate electrode 



therein a portion P of said second region, which portion 
s spaced from said trench, extends deeper than said 
rench so that, if a predetermined voltage is applied to 
»aid gate and to said third region and another 
Dredetermined voltage is applied to said first region, an 
ivalanche breakdown occurs away from a surface of 
;aid trench. 



the P layer has a heavily doped P+ region which extends 
upward through the N+ layer and which extends 
downward through the N- layer deeper than the trench. 



CLAIM 18 



18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 



the P layer has a heavily doped P+ region which is 
laterally spaced away from the trench 



CLAIM 19 



19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
than said first portion. 



N+ layer substrate under the N- layer 
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CLAIM 20 

20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 

second portion. 

CLAIM 22 

21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 

trench and said gate. 

CLAIM 23 

23. A method for providing a transistor, said method 

comprising the steps of: 

providing a first region of a first conductivity type; 
providing a second region of said first conductivity type 
over said first region, said second region being lighter 

doped than said first region; • 

providing a third region of a second conductivity type 
over said second region, said second and third regions 

forming a junction; 

providing a fourth region of said first conductivity type 

over said third region; 

providing a trench through said fourth region and third 
regions; and 



providing a gate in said trench; 

wherein a deepest part of said third regions is laterally 

spaced from said trench; ^_ 

wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 

CLAIM 24 

24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



avalanche breakdown is a reach-through breakdown 
across the N- layer. 



oxide between the trench and gate 



VMOS Structure - see Fig. 4.22 



N+ layer 

N- Layer 

P layer formed by a first diffusion 



N+ layer formed by a second diffusion 



trench with a bottom surface and side surfaces which 
extend vertically downward from the top surface of the 
N+ layer through the N+ layer, the P layer and through a 

portion of the N- layer. — • - 

Al gate electrode 

P layer is laterally spaced from said trench 



the distance between the deepest part of the P layer and 
the N+ layer is less than a depletion width of a planar 
junction which has the same doping profile as does the 
junction between the N- layer and the P layer at the 
deepest part of the P layer and which is reverse biased 
around its breakdown voltage 



the P layer has a heavily doped P+ region which is 
laterally spaced away from the trench 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 



U.S. Patent 5,072,266 

CLAIM 1 

1 . A trench DMOS transistor cell comprising: 



a substrate of semiconductor material of heavily doped 
first electrical conductivity type; 



a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 
DOCSSV2:500277.1 
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Manufacture of Vertical Type Semiconductor Device 
with Groove Section 

See fig. 1(f). 

N+ layer (1 1) (p. 5 of the translation: "a n+-type 
semiconductor substrate 1 1 with a high concentration of 
impurities is coated with an n-type semiconductor layer 

12 having a lower concentration of impurities.") 

N layer (12) 

RESPONSE CHART PURSUANT TO CIVIL L.R. 16-9(b) 
(Case No. C-99-04797 SBA) 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 



a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 

covering layer; 

a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a. top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 

layer; 

a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 

portion of the second covering layer; 

electrically conducting semiconductor material 

positioned within the trench; 

a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 

bottom and side surfaces of the trench; and 

three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 



Player (16) 



N+ layer (17) lying partly over the P layer (16) 

P layer (16) extends vertically upward through the N+ 
layer (17) to the top surface and downward into the N . 
layer (12) 



p. 6 of translation: " The grooved portion 20 has smooth 
outlines and does not have any sharp pointed sections." 

As seen from fig. 1(f), the grooved portion (20) extends 
upward through the N+ layer (17) and which extends 
downward into the P layer (16) and the N layer (12) 



p. 6 of translation: "... polycrystalline silicon film 22 

constituting a gate electrode . : ' 

gate oxide film (21) 



three electrodes electrically coupled to the semiconductor 
material (22), to the top N+ layer (17) and to the N+ 
substrate (1 1). ^^^^ 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 



U.S. Patent No. 5,298,442 

CLAIM 17 

17. A method for providing a transistor, said method 
comprising the steps of : 



providing a first region of a first conductivity type; 
providing a second regionof a second conductivity type 

over said first region; 

providing a third region of said first conductivity type 
such that said first and third regions are separated by 

said second region; 

providing a trench through said third and second 
regions; and 



providing a gate in said trench; 



JP 62012167 



Manufacture of Vertical Type Semiconductor Device 
with Groove Section 

See fig. 1(f). 

N+ layer (1 1) and N layer (12). 

Player (16). 



N+ layer (17) lying above the P layer (16). 



p. 6 of translation: 44 The grooved portion 20 has smooth 
outlines and does not have any sharp pointed sections." 

As seen from fig. 1(f), the grooved portion (20) extends 
upward through the N+ layer (17) and which extends 
downward into the P layer (16) and the N layer (12) 
gate oxide film (21) 
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wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



the P layer (16) extends upward through the N+ layer 
(17) and which extends downward through the N layer 
(12) deeper than the grooved portion (20) 



CLAIM 18 



18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 



N/A 



CLAIM 19 



19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
than said first portion. 



N+ substrate (11) under N layer (12) 



CLAIM 20 



20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 
second portion. 



avalanche breakdown is a reach-through breakdown 
across the N layer (12) 



CLAIM 22 



2 1 . The method of claim 1 7 further comprising the step 
of providing an insulator between said surface of said 
trench and said gate. 



gate oxide (21) 



CLAIM 23 



23. A method for providing a transistor, said method 
comprising the steps of: 



Manufacture of Vertical Type Semiconductor Device 
with Groove Section 

See fig. 1(f). 



providing a first region of a first conductivity type; 



N+ layer (11) 



providing a second region of said first conductivity type 
5ver said first region, said second region being lighter 
ioped than said first region; 



N layer (12) 



providing a third region of a second conductivity type 
)ver said second region, said second and third regions 
brming a junction; 



Player (16) 



>roviding a fourth region of said first conductivity type 
>ver said third region; 



N+ layer (17) lying above the P layer (16) 



>roviding a trench througrrsaid fourth region and third 
egions; and 



p. 6 of translation: " The grooved portion 20 has smooth 
outlines and does not have any sharp pointed sections." 

As seen from fig. 1(f), the grooved portion (20) extends 
upward through the N+ layer (17) and which extends 
downward into the P layer (16) and the N layer (12) 



)roviding a gate in said trench; 



gate oxide film (21) 



vherein a deepest part of said third regions is laterally 
paced from said trench; 



P layer (16) is laterally spaced from said groove. 
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wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage, 

CLAIM 24 

24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



the distance between the deepest part of the P layer (16) 
and the N+ layer (1 1) is less than a depletion width of a 
planar junction which has the same doping profile as 
does the junction between the N- layer (12) and the P 
layer (16) at the deepest part of the P layer (16) and 
which is reverse biased around its breakdown voltage 



N/A 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 



- U.S. Patent 5,072,266 
CLAIM 1 

1 . A trench DMOS transistor cell comprising: 



a substrate of semiconductor material of heavily doped 

first electrical conductivity type; 

a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 
a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 

covering layer; 

a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 
layer; 

a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the fixst covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 

portion of the second covering layer; 

electrically conducting semiconductor material 

positioned within the trench; 

a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 

bottom and side surfaces of the trench; and 

three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 



U.S. Patent 4,420,379 



Method for the Formation of Polycrystalline Silicon 
Layers, and its Application in the Manufacture of a Self- 
Aligned, Non Planar, MOS Transistor 

See Figs. 3-19. 

N+ layer (20) 



N- layer (21) 



Player (22), (25) and (27) 



N+ layer (26) 

the P layer has a heavily doped P+ region (22) which 
extends upward through the N+ layer (26) and which 
extends downward into the N- layer (21) 

Col. 4, Ins. 23-26: "In the stage shown as FIG. 5, the 
device undergoes an oxidizing treatment which 
simultaneously deepens the P+ type guard ring and 
protects the peripheral part of the junction under a thick 

oxide layer 23 (1 micron), called the field oxide." 

trench (30) with a bottom surface and side surfaces which 
extend vertically downward from the top surface of the 
N+ layer (26) through the N+ layer (26), the P layer (25) 
and through a portion of the N- (21) layer, wherein the 
bottom surface of the trench (30) lies above a lowest part 
of the downward portion of the P layer (22) 



semiconductor material (32) 



oxide (31) 



gate semiconductor material (32), source electrode (33) 
and drain at N+ substrate (20) 
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INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 



U.S. Patent No. 5,29 8,442 
CLAIM 17 



U.S. Patent No. 4,420,379 



17. A method for providing a transistor, said method 
comprising the steps of : 



Method for the Formation of Polycrystalline Silicon 
Layers, and its Application in the Manufacture of a Self- 
Aligned, Non Planar, MOS Transistor 

See Figs. 3-19. 



providing a first region of a first conductivity type; 



N+ layer (20) and N- layer (21) 



providing a second region of a second conductivity type 
over said first region; 



Player (22), (25) and (27) 



providing a third region of said first conductivity type 
such that said first and third regions are separated by 
said second region; 



N+ layer (26) 



providing a trench through said third and second 
regions; and 



trench (30) through the N+ layer (26), the P layer (25) 
and through a portion of the N- (21) layer 



providing a gate in said trench; 



gate semiconductor material (32) 



wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
Dredetermined voltage is applied to said first region, an 
ivalanche breakdown occurs away from a surface of 
iaid trench. 



a portion of the P layer (22), which portion is spaced 
from the trench (30), extends deeper than the trench (30) 

a portion of the P Layer (22) acts as a guard rail to spread 
the electric field at the periphery, and away from the 
channel. 



CLAIM 18 



18. The method of claim 17 wherein said portion P of 
iaid second region is doped heavier than another portion 
>f said second region which portion is adjacent said 
rench. 



P layer has a heavily doped P+ portion (22) which is 
laterally spaced from the trench 



CLAIM 19 



9. The method of claim 17 wherein said first region 
omprises a first portion and a second portion over said 
irst portion, said second portion being lighter doped 
han said first portion. 



N+ layer (20) under N- layer (21) 



CLAIM 20 



0. The method of claim 19 wherein said avalanche 
reakdown is a reach-through breakdown across said 
econd portion. 



avalanche breakdown is a reach-through breakdown 
across the N- layer (21) 



CLAIM 22 



1. The method of claim 17 further comprising the step 
f providing an insulator between said surface of said 
ench and said gate. 



oxide (31) 



CLAIM 23 



3. A method for providing a transistor, said method 
omprising the steps of: 



Method for the Formation of Polycrystalline Silicon 
Layers, and its Application in the Manufacture of a Self- 
Aligned, Non Planar, MOS Transistor 

See Figs. 3-19. 



roviding a first region of a first conductivity type; 



N+ layer (20) 
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providing a second region of said first conductivity type 
over said first region, said second region being lighter 

doped than said first region; 

providing a third region of a second conductivity type 
over said second region, said second and third regions 

forming a junction; 

providing a fourth region of said first conductivity type 

over said third region; 

providing a trench through said fourth region and third 

regions; and 

providing a gate in said trench; 

wherein a deepest part of said third regions is laterally 

spaced from said trench; 

wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 

CLAIM 24 

24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



N- layer (21) 



Player (22), (25) and (27) 



N+ layer (26) 



trench (30) through the N+ layer (26) and the P layer (25) 

and through a portion of the N- (21) layer 

gate semiconductor material (32) 

the P layer region (22) is laterally spaced from trench 

(30) 

the distance between the deepest part of the P layer (22) 
and the N+ layer (20) is less than a depletion width of a 
planar junction which has the same doping profile as 
does the junction between the N- layer (21) and the P 
layer (22) at the deepest part of the P layer (22) and 
which is reverse biased around its breakdown voltage 



the deepest part of the third region is P+ and is doped 
heavier than the part of the third region P (25) adjacent 
the trench 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 
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CLAIM 1 

1. A trench DMOS transistor cell comprising: 



a substrate of semiconductor material of heavily doped 

first electrical conductivity type; 

a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 
a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 

covering layer; 

a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 

layer; 

a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
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Vertical MOSFET 

See fig. 1 

N+ layer (1) 



N layer (2) 



Player (3), (11) and (12) 



N+ layer (4) lying partly over the P layer (3) 

A portion of the P layer (11) and (12) is heavily doped 
P+ and extends upward through the N+ layer (4) to the 
top and downward into the N layer (2). 



trench (8) having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the N+ layer (4) through the N+ layer (4) and the P layer 
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ad the second covering layer and through a portion of 
le first covering layer, wherein the bottom surface of 
le trench lies above a lowest part of the downward 
ortion of the second covering layer; 



lectrically conducting semiconductor material 
ositioned within the trench; 



(3) and through a portion of the N layer (2), wherein the 
bottom surface of the trench (8) lies above a lowest part 
of the P+ layer (12) 



trench (8) possess a highly doped poly-silicon gate 
electrode (9) 



layer of oxide positioned within the trench between the 
lectrically conducting semiconductor material and the 
ottom and side surfaces of the trench; and 



gate oxide film (7) 



aree electrodes electrically coupled to the electrically 
onducting semiconductor material, to the third covering 
ayer and to the substrate, respectively. 



gate electrode (9), source electrode (14) and drain 
electrode (15) 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 



U.S. Patent No. 5,298,442 



JP 63-124762 



CLAIM 17 



7, A method for providing a transistor, said method 
omprising the steps of : 



Vertical MOSFET 



See fig. 1 



providing a first region of a first conductivity type; 



N+ layer (1) and N layer (2) 



>roviding a second region of a second conductivity type 
>ver said firs t region; 



Player (3), (11) and (12) 



>roviding a third region of said first conductivity type 
luch that said first and third regions are separated by 
iaid secon d region; 



N+ layer (4) such that P layer (3) is between the N layer 
(2) and the N+ layer (4) 



>roviding a trench through said third and second 
egions; and 



trench (8) extending through the N+ layer (4) and the P 
layer (3) 



)roviding a gate in said trench; 



trench (8) possess a highly doped poly-silicon gate 
electrode (9) 



vherein a portion P of said second region, which portion 
s spaced from said trench, extends deeper than said 
rench so that, if a predetermined voltage is applied to 
>aid gate and to said third region and another 
^redetermined voltage is applied to said first region, an 
ivalanche breakdown occurs away from a surface of 
>aid trench. 



portion P+ (12) is spaced from trench (8) and extends 
deeper than said trench (8) so that, if a predetermined 
voltage is applied to the gate (9) and to N+ layer (4) and 
another predetermined voltage is applied to the N+ layer 
(1), an avalanche breakdown occurs away from a surface 
of the trench (8). 



CLAIM 18 



18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 



A portion of the P layer (1 1) and (12) is heavily doped 
P+ 

P layer (3) is adjacent the trench (8) 



CLAIM 19 



19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
than said first portion. 



N+ layer (1) under N layer (2) 
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CLAIM 20 



0. The method of claim 19 wherein said avalanche 
reakdown is a reach-through breakdown across said 
econd portion. 



avalanche breakdown is a reach-through breakdown 
across the N layer (2) 



CLAIM 22 



1. The method of claim 17 further comprising the step 
f providing an insulator between said surface of said 
r ench and said gate, 



gate oxide film (7) 



CLAIM 23 



3. A method for providing a transistor, said method 
omprising the steps of: 



Vertical MOSFET 
See fig. 1 



iroviding a first region of a first conductivity type; 



N+ layer (1) 



iroviding a second region of said first conductivity type 
>ver said first region, said second region being lighter 
loped than said first region; 



N layer (2) 



►roviding a third region of a second conductivity type 
►ver said second region, said second and third regions 
brming a junction; 



P layer (3), (1 1) and (12) over N layer (2) 



iroviding a fourth region of said first conductivity type 
iver said thir d region; 



N+ layer (4) lying above the P layer (3). 



►roviding a trench through said fourth region and third 
egions; and „ 



trench (8) through N+ layer (4) and P layer (3) 



►roviding a gate in said trench; 



gate oxide film (9) 



therein a deepest part of said third regions is laterally 
paced from said trench; 



portions of P layer (1 1) and (12) are laterally spaced from 
trench (8) 



vherein a distance between said deepest part of said 
hird region and said first region is less than a depletipn 
vidth of a planar junction which has the same doping 
>rofile as does said junction between said second and 
hird regions at said deepest part of said third region and 
vhich is reverse biased around its breakdown voltage. 



the distance between the deepest part of the P layer (12) 
and the N+ layer (1) is less than a depletion width of a 
planar junction which has the same doping profile as 
does the junction between the N- layer (2) and the P layer 
(12) at the deepest part of the P layer (12) and which is 
reverse biased around its breakdown voltage 



CLAIM 24 



!4. The method of claim 23 wherein said deepest part of 
laid third region is doped heavier than a part of said 
hird region which part is adjacent said trench. 



the deepest part of the third region is P+ (12) and is 
doped heavier than the part of the third region P (3) 
adjacent the trench (8) 
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CLAIM 1 

1 . A trench DMOS transistor cell comprising: 

i substrate of semiconductor material of heavily doped 

First electrical conductivity type; 

a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 
a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 
covering layer; 
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VMOS FET 

See fig. 1 

P layer (1 1) ( opposite conductivity type with respect to 

drain). 

N- layer (12) 

P layer (13) (20) lying on N layer (12) 
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third covering layer of semiconductor material of 
»avily doped said first electrical conductivity type and 
aving a top surface and partly lying over the second 
Dvering layer, wherein a portion of the second covering 
tyer is heavily doped and this portion extends both 
ertically upward and downward, an upward portion 
Ktending through the third covering layer to the top 
orface of the third covering layer and a downward 
ortion extending downward into the first covering 



N+ layer (14) lying partly over the P layer (13), wherein 
a portion of the P layer (20) is heavily doped P+ and 
extends downward into the N- Layer (12) 



trench having a bottom surface and side surfaces and 
xtending vertically downward from the top surface of 
le third covering layer through the third covering layer 
nd the second covering layer and through a portion of 
le first covering layer, wherein the bottom surface of 
le trench lies above a lowest part of the downward 
l of the second co vering layer; 



ortion < 



trench (15) having a bottom surface and side surfaces and 
extends vertically downward from the top surface of N+ 
layer (14) through the N+ layer (14) and the P layer (13) 
and through a portion of the N- layer (12), wherein the 
bottom surface of the trench (15) lies above the lowest . 
part of the downward portion of the P layer (20) which is 
heavily doped 



lectrically conducting semiconductor material 
ositioned within the trench; 



poly gate material (18) in trench (15) 



layer of oxide positioned within the trench between the 
lectrically conducting semiconductor material and the 
iQttom and side surfaces of the trench; and 



gate oxide film (17) 



bree electrodes electrically coupled to the electrically 
onducting semiconductor material, to the third covering 
ayer and to the substrate, respectively. 



gate electrode (18), source electrode (9) and drain 
electrode (24) 
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CLAIM 17 



[7. A method for providing a transistor, said method 
comprising the steps of : 



VMOS FET 
See fig. 1 



jroviding a first region of a first conductivity type; 



N- layer (12). 



providing a second region of a second conductivity type 
jver said first region; 



Player (16) and (20) 



providing a third region of said first conductivity type 
such that said first and third regions are separated by 
said secon d region; 



N+ layer (14) lying above the P layer (16) 



providing a trench through said third and second 
regions; and . 



trench (15) extends through N+ layer (17) and P layer 
(16) 



providing a gate in said trench; 



poly gate (18) 



wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



a portion of the P layer (20) is laterally spaced from the 
trench (15) and extends deeper than the trench (15) 
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CLAIM 18 



18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 



a portion P of the P layer is P+ (20) and is doped heavier 
than the portion (26) of the P layer adjacent the trench 
(15) 



CLAIM 19 



19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
than said first portion. 



N/A 



CLAIM 20 



20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 
s econd portion. 



N/A 



CLAIM 22 



21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 
trench and said gate. 



gate oxide film (17) 



CLAIM 23 



23. A method for providing a transistor, said method 
comprising the steps of: 



VMOS FET 
See fig. 1. 



providing a first region of a first conductivity type; 



P substrate (11) 



providing a second region of said first conductivity type 
over said first region, said second region being lighter 
doped than said first region; 



N layer (12) 



providing a third region of a second conductivity type 
over said second region, said second and third regions 
forming a junction; 



Player (13) and (20) 



providing a fourth region of said first conductivity type 
over said third region; 



N+ layer (14) lying above P layer (13) 



providing a trench through said fourth region and third 
regions; and 



trench (15) extending through N+ layer (13) and P layer 
(13) 



providing a gate in said trench; 



poly gate (18) 



wherein a deepest part of said third regions is laterally 
spaced fr om said trench; 



the deepest part of the P layer (20) is laterally spaced 
from trench (15) 



wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 



the distance between the deepest part of the P layer (20) 
and the P layer ( 1 1) is less than a depletion width of a 
planar junction which has the same doping profile as 
does the junction between the N- layer (12) and the P 
layer (20) at the deepest part of the P layer (20) and 
which is reverse biased around its breakdown voltage 



CLAIM 24 



24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent Said trench. 



the deepest part of the third region is P+ (20) which is 
doped heavier than the part of the third region adjacent 
the trench (15) 
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INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 



U.S. Patent 5,072,266 

CLAIM 1 

1. A trench DMOS transistor cell comprising: 

a substrate of semiconductor material of heavily doped 

first electrical conductivity type; 

a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 
a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 

covering layer; 

a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 

layer; 

a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 

portion of the second covering layer; 

electrically conducting semiconductor material 

positioned within the trench; 

a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 

bottom and side surfaces of the trench; and 

three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 



JP 59-181668 



VMOS FET 

See fig. 3 

N+ layer (11) and (12) 



N layer (13) 



P layer (14) and (16) lying on N layer (13) 



N+ layer (15) lying partly over the P layer (14), wherein 
a portion of the P layer is a heavily doped P+ (16) and 
extends vertically upward through the N+ layer (15) and 
vertically downward into the N layer (13) 



trench (21) having a bottom surface and side surface and 
extending vertically downward through the N+ layer 
(15), the P layer (14) and through a portion of the N layer 
(13), wherein the bottom surface of the trench (21) lies 
.above the lowest part of the P layer (16). 



poly gate in trench (19) 



gate oxide layer (17) 



gate electrode ( 19), source electrode (20) and drain 
electrode (not shown) 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 



U.S. Patent No. 5,298,442 



JP 59-181668 



CLAIM 17 



17. A method for providing a transistor, said method 
comprising the steps of : 



VMOS FET 



See fig. 3 



providing a first region of a first conductivity type; 



N+ layer (1 1) and (12), and N layer (13) 



providing a second region of a second conductivity type 
over said first region; 



P layer (14) and (16) lying on N layer (13) 
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providing a third region of said first conductivity type 
such that said first and third regions are separated by 

said second region; 

providing a trench through said third and second 

regions; and 

providing a gate in said trench; 

wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



CLAIM 18 

18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 

trench. 

CLAIM 19 

19. The method of claim 1 7 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 

than said first portion. 

CLAIM 20 

20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 

second portion. . 

CLAIM 22 

21 . The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 

trench and said gate. 

CLAIM 23 

23. A method for providing a transistor, said method 
comprising the steps of: 



providing a first region of a first conductivity type; 
providing a second region of said first conductivity type 
over said first region, said second region being lighter 

doped than said first region; 

providing a third region oTa second conductivity type 
over said second region, said second and third regions 

forming a junction; 

providing a fourth region of said first conductivity type 

over Said third region; 

providing a trench through said fourth region and third 

regions; and 

providing a gate in said trench; 

wherein a deepest part of said third regions is laterally 
spaced from said trench; 



N+ layer (15) lying wherein N layer (13) and N+ layer 
(15) are separated by P layer (14) 



trench (21) extending vertically downward through the 

N+ layer (15) and P layer (14) 

poly gate in trench (19) 

a portion of the P layer ( 1 6), which is spaced from the 
trench, extends deeper than the trench (21) 



a portion of the P layer (14) is a heavily doped P+ (16) 
which is laterally spaced from the trench (21) 



N+ layer (1 1) and (12) under N layer (13) 



avalanched breakdown is a reach-through breakdown 
across the N layer (13) 



gate oxide layer (17) 



VMOS FET 

See fig. 3 

N+ layer (11) and (12) 
N layer (13) 



P layer (14) and (16) lying on N layer (13) 



N+ layer (15) lying over the P layer (14) 



trench (21) extending vertically downward through the 

N+ layer (15) and P layer (14) 

gate oxide layer (17) 

a portion of the P layer (16) is laterally spaced from the 
trench (21) 
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wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 

CLAIM 24 

24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



the distance between the deepest part of the P layer ( 1 6) 
and the N+ layer (12) is less than a depletion width of a 
planar junction which has the same doping profile as 
does the junction between the N layer (13) and the P 
layer (16) at the deepest part of the P layer (16) and 
which is reverse biased around its breakdown voltage 



the deepest part of the third region is P+ region (16) 
which is doped heavier than P region (14) adjacent the 
trench (21) 
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CLAIM 1 



1. A trench DMOS transistor cell comprising: 



VMOS FET 



See fig. 2 



a substrate of semiconductor material of heavily doped 
first electrical conductivity type; 



N+ layer (1) 



a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 



N layer (2) 



a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 
covering layer; 



Player (3) and (10) 



a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 
layer; 



N+ layer (4) lying partly over the P layer (3), wherein a 
portion of the P layer is a heavily doped P+ (10) and 
extends vertically upward through the N+ layer (4) and 
vertically downward into the N layer (2) 



a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 
portion of the second covering layer; 



trench (11) having a bottom surface and side surfaces and 
extending vertically downward through the N+ layer (4), 
the P layer (3) and through a portion of the N layer (2), 
wherein the bottom surface of the trench (11) lies above 
the lowest part of the P layer (10) 



electrically conducting semiconductor material 
positioned within the trench; 



Al gate (6) in trench (1 1) 



a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 
bottom and side surfaces of the trench; and 



gate oxide layer (5) 



three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 



gate electrode (6), source electrode (7) and drain 
electrode (9) 
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INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 



U.S. Patent No. 5,298,442 

CLAIM 17 

17. A method for providing a transistor, said method 
comprising the steps of : 

providing a first region of a first conductivity type; 

providing a second region of a second conductivity type 

over said first region; 

providing a third region of said first conductivity type 
such that said first and third regions are separated by 

said second region; 

providing a trench through said third and second 

regions; and 

providing a gate in said trench; 

wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 

CLAIM 18 

18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 

trench. 

CLAIM 19 

19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
than said first portion. 

CLAIM 20 

20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 

second portion. 

CLAIM 22 

21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 
trench and said gate. 

CLAIM 23 

23. A method for providing a transistor, said method 
comprising the steps of: 



providing a first region of a first conductivity type; 
providing a second region of said first conductivity type 
over said first region, said second region being lighter 

doped than said first region; 

providing a third region of a second conductivity type 
over said second region, said second and third regions 
forming a junction; 



JP 54-57871 



VMOS FET 

See fig. 2 

N+ layer (1) and N layer (2). 
Player (3) and (10). 



N+ layer (4) lying above the P layer (3). 



the trench (11) extends through the N+ layer (4) and the 

P layer (3) 

Al gate (6) in trench (1 1) 

the P layer (10) extends upward through the N+ layer 
(17) and which extends downward through the N- layer 
(12) 



a portion P of the second region (10) is doped heavier 
than another portion (3) of the second region which is 
adjacent the trench (11) 



N+ layer (1) under N layer (2) 



avalanche breakdown is a reach-through breakdown 
across N layer (2) 



gate oxide layer (5) 



VMOS FET 

See fig. 2 
N+ layer (1) 
N layer (2) 



Player (3) and (10) 



DOCSSV2:500277.1 



-30- 



RESPONSE CHART PURSUANT TO CIVIL L.R. 16-9(b) 
(Case No. C-99-04797 SB A) 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

r 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

LP 



providing a fourth region of said first conductivity type 

over said third region; 

providing a trench through said fourth region and third 

regions; and 

providing a gate in said trench; 

wherein a deepest part of said third regions is laterally 

spaced from said trench; 

wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 

CLAIM 24 

24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



U.S. Patent 5,072,266 

CLAIM 1 

1. A trench DMOS transistor cell comprising: 



a substrate of semiconductor material of heavily doped 

first electrical conductivity type; 

a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 
a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 

covering layer; 

a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 

layer; 

a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 

portion of the second covering layer; 

electrically conducting semiconductor material 

positioned within the trench; 
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N+ layer (4) lying above the P layer (3) 



trench (11) through N+layer (4) and P layer (3) 



gate oxide film (5) 

P layer (10) is laterally spaced from trench (11) 

the distance between the deepest part of the P layer (10) 
and the N+ layer (1) is less than a depletion width of a 
planar junction which has the same doping profile as 
does the junction between the N layer (2) and the P layer 
(10) at the deepest part of the P layer (10) and which is 
reverse biased around its breakdown voltage 



the deepest part of the third region (10) is doped heavier 
than part (3) which is adjacent the trench (11) 



JP 57-72365 



VMOS FET 

See fig. 1 

P+ substrate (1) 



N layer (2) 



Player (3) and (4) 



N+ layer (5) lying partly over the P layer (4), wherein the 
P layer is heavily doped P+ and extends both vertically 
upward through the N+ layer (5) and downward into the 
N layer (2) 



trench (6) having a bottom surface and side surfaces and 
extending vertically through the N+ layer (5) and the P 
layer (4), and through a portion of the N layer (2), where 
the bottom surface of the trench (6) lies above the lowest 
part of the P layer (3) 



metal layer (8) 
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a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 

bottom and side surfaces of the trench; and 

three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 



gate oxide (7) 



gate electrode (8), source electrode (9) and drain (D) 
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CLAIM 17 



17. A method for providing a transistor, said method 
comprising the steps of : 



VMOS FET 
See fig. 1 



providing a first region of a first conductivity type; 



N layer (2) 



providing a second region of a second conductivity type 
over said first region; 



P layer (4) lying over said N layer (2) 



providing a third region of said first conductivity type 
such that said first and third regions are separated by 
said second region; 



N+ layer (5) lying above the P layer (4) 



providing a trench through said third and second 
regions; and 



trench (6) through the N+ layer (5) and the P layer (4) 



providing a gate in said trench; 



metal gate layer (8) 



wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



a portion of the P layer (3) is spaced from the trench (6) 
and extends deeper than trench (6) 



CLAIM 18 



18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 



a portion of the second region is doped P+ (3) which is 
heavier doped than another portion of the second region 
that is adjacent the trench (6) 



CLAIM 19 



19. Hie method of claimi7 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
than said first portion. 



P+ layer (1) under N layer (2) 



CLAIM 20 



20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 
second portion. 



avalanche breakdown is a reach-through breakdown 
across the N layer (2) 



CLAIM 22 



21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 
trench and said gate 



gate oxide (7) 
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CLAIM 23 

23. A method for providing a transistor, said method 
comprising the steps of: 

providing a first region of a first conductivity type; 
providing a second region of said first conductivity type 
over said first region, said second region being lighter 

doped than said first region; 

providing a third region of a second conductivity type 
over said second region, said second and third regions 

forming a junction; 

providing a fourth region of said first conductivity type 

over said third region; 

providing a trench through said fourth region and third 

regions; and 

providing a gate in said trench; 

wherein a deepest part of said third regions is laterally 

spaced from said trench; 

wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 
CLAIM 24 

24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



VMOS FET 
See fig. 1 



N layer (2) 



P layer (4) 



N+ layer (5) lying above the P layer (4) 



trench (6) through the N+ layer (5) and the P layer (4). 



metal gate layer (8) 

the deepest part of the P layer (3) is laterally spaced from' 

trench (6) 

the distance between the deepest part of the P layer (3) 
and the P+ layer (1) is less than a depletion width of a 
planar junction which has the same doping profile as 
does the junction between the N layer (2) and the P layer 
(3) at the deepest part of the P layer (3) and which is 
reverse biased around its breakdown voltage 



the deepest part of the third region is doped P+ (3) which 
is heavier doped than the part of the third region (4) 
adjacent the trench (6) 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 



U.S. Patent 5,072,266 

CLAIM 1 

1. A trench DMOS transistor cell comprising: 



a substrate of semiconductor material of heavily doped 

first electrical conductivity type; 

a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 
a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 

covering layer; 

a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 



JP 59-193064 

VMOS FET 

See fig. 2 

N+ layer 

N layer (3) 

P layer (4) 

N+ layer (5) lying partly over the P layer (4), a portion of 
the P layer (4) extending vertically upward through the 
N+ layer (5) and downward into the N layer (3) 
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surface of the third covering layer and a downward 
portion extending downward into the first covering 
layer; 



i trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
lie third covering layer through the third covering layer 
md the second covering layer and through a portion of 
he fust covering layer, wherein the bottom surface of 
he trench lies above a lowest part of the downward 
)ortion of the second covering layer; 



trench (1) having a bottom surface and side surfaces and 
extending vertically downward through the N+ layer (5), 
the P layer (4) and a portion of the N layer (3), where the 
bottom surface of the trench (10 lies above the lowest 
portion of the P layer (4) 



;lectrically conducting semiconductor material 
)ositioned within the trench; 



gate semiconductor material (8) in trench (1) 



l layer of oxide positioned within the trench between the 
slectrically conducting semiconductor material and the 
)ottom and side surfaces of the trench; and 



gate oxide (2) 



hree electrodes electrically coupled to the electrically 
onducting semiconductor material, to the third covering 
ayer and to the substrate, respectively. 



gate (8), source (7) and drain (6) 
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JP 59-193064 



CLAIM 17 



7. A method for providing a transistor, said method 
omprising the steps of : 



VMOS FET 
See fig. 2 



roviding a first region of a first conductivity type; 



N+ layer and N layer (3) 



roviding a second region of a second conductivity type 
ver said first region; 



P layer (4) over N layer (3) 



roviding a third region of said first conductivity type 
ich that said first and third regions are separated by 
lid second region; " 



N+ layer (5) lying above the P layer (4). 



roviding a trench through said third and second 
igions; and 



trench (1) through N+ layer (5) and P layer (4) 



roviding a gate in said trench; 



gate semiconductor material (8) 



herein a portion P of said second region, which portion 
spaced from said trench, extends deeper than said 
ench so that, if a predetermined voltage is applied to 
dd gate and to said third region and another 
edetermined voltage is applied to said first region, an 
Blanche breakdown occurs away from a surface of 
id trench. 



a portion of the P layer (4) is spaced from trench (1) and 
extends deeper than trench (1) 



CLAIM 18 



I. The method of claim 17 wherein said portion P of 
id second region is doped heavier than another portion 
"said second region which portion is adjacent said 
snch. 



obvious to have the second region with a heavier doped 
P+ portion 
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CLAIM 19 



19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
than said first portion. 



N+ layer under N- layer (3) 



CLAIM 20 



20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 
second portion. 



avalanche breakdown is a reach-through breakdown 
across the N- layer (3) 



CLAIM 22 



21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 
trench and said gate. 



gate oxide (2) 



CLAIM 23 



23. A method for providing a transistor, said method 
comprising the steps of: 



providing a first region of a first conductivity type; 



VMOS FET 



See fig. 2 



N+ layer 



providing a second region of said first conductivity type 
over said first region, said second region being lighter 
doped than said first region; 



N layer (3) lying above the N+ layer 



providing a third region of a second conductivity type 
:>ver said second region, said second and third regions 
forming a junction; 



P layer (4) 



sroviding a fourth region of said first conductivity type 
)ver said third region; 



N+ layer (5) lying above the P layer (4) 



jroviding a trench through said fourth region and third 
egions; and 



trench (1) through the N+ layer (5) and P layer (4) 



)roviding a gate in said trench; 



gate oxide (2) 



vherein a deepest part of said third regions is laterally 
ipaced from said trench; 



the deepest part of P layer (4) is laterally spaced from 
trench (1) 



vherein a distance between said deepest part of said 
hird region and said first region is less than a depletion 
vidth of a planar junction which has the same doping 
)rofile as does said junction between said second and 
hirdTegions at said deepest part of said third region and 
vhich is reverse biased around its breakdown voltage. 



the distance between the deepest part of the P layer (4) 
and the N+ layer is less than a depletion width of a planar 
junction which has the same doping profile as does the 
junction between the N- layer (3) and the P layer (4) at 
the deepest part of the P layer (4) and which is reverse 
biased around its breakdown voltage 



CLAIM 24 



14. The method of claim 23 wherein said deepest part of 
aid third region is doped heavier than a part of said 
hird region which part is adjacent said trench. 



obvious to have the second region with a heavier doped 
P+ portion laterally spaced from the trench (1) 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 



U.S. Patent 5,072,266 



CLAIM 1 



JP 60-28271 



. A trench DMOS transistor cell comprising: 



VMOSFET 



See fig. 3(a-h) 



substrate of semiconductor material of heavily doped 
irst electrical conductivity type; 



N+ layer (1) 
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1 

1 


a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate* 


N layer (2) 


2 
3 


a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 
covering layer; 


Player (8) and (11) 


4 
5 
6 
7 
8 


a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is neavuy aopea ana trus portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 
layer; 


N+ layer (9) lying partly over the P layer (8), where a 
portion of the P layer (1 1) extends vertically upward 
through the N+ layer 


9 
10 
11 


a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 
pui uuu oi me acLonu covering layer, 


trench (10) having a bottom surface and side surfaces and 
extending vertically downward through the N+ layer (9) 
and the P layer (8) and through a portion of the N layer 


12 


electrically conducting semiconductor material 
positioned within the trench; 


poly gate (6) in trench (10) 


13 
14 


d idyer or oxiae positioned witnin trie trench between the 
electrically conducting semiconductor material and the 
bottom and side surfaces of the trench; and 


gate oxide film (5) 


15 


three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 


gate (6), source (14) and drain (backside) 


16 
17 
18 




19 


INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 


20 


U.S. Patent No. 5,298,442 


JP 60-28271 


21 r 


CLAIM 17 




22 


17. A method for providing a transistor, said method 
comprising the steps of : 


VMOSFET 
See fig. 3(a-h) 


23 ■ 


providing a first region of a first conductivity type; 


N+ layer (1) and N layer (2). 


24 - 


providing a second region of a second conductivity type 
over said first region; 


Player (8) and (11). 


25 


providing a third region of said first conductivity type 
such that said first and third regions are separated by 
said second region; 


N+ layer (9) lying above the P layer (8). 


26 


providing a trench through said third and second 
regions; and 


trench (10) through N+ layer (9) and P layer (8) 


27 


providing a gate in said trench; 


poly gate (6) in trench (10) 


28 

Orrick 
Herrington 

ix DUTCLIrrfc LLr 
Silicon Valley 
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herein a portion P of said second region, which portion 
spaced from said trench, extends deeper than said 
snch so that, if a predetermined voltage is applied to 
id gate and to said third region and another 
edetermined voltage is applied to said first region, an 
blanche breakdown occurs away from a surface of 
iid trench. 



a portion P of the second region (1 1) is spaced from the 
trench (10); 

the second region extends deeper than the trench (10) 



CLAIM 18 



3. The method of claim 17 wherein said portion P of 
iid second region is doped heavier than another portion 
f said second region which portion is adjacent said 
ench. 



portion P of the second region (1 1) is doped heavier than 
another portion (8) which is adjacent the trench 



CLAIM 19 



9. The method of claim 17 wherein said first region 
emprises a first portion and a second portion over said 
rst portion, said second portion being lighter doped 
tan said first portion. 



N+ layer (1) under N layer (2) 



CLAIM 20 



0. The method of claim 19 wherein said avalanche 
reakdown is a reach-through breakdown across said 
scond portion. 



avalanche breakdown is a reach-through breakdown 
across the N layer (2) 



CLAIM 22 



1. The method of claim 17 further comprising the step 
f providing an insulator between said surface of said 
ench and said gate. 



gate oxide film (5) 



CLAIM 23 



3. A method for providing a transistor, said method 
omprising the steps of: 



VMOSFET 
See fig. 3(a-h) 



roviding a first region of a first conductivity type; 



N+ layer (1) 



roviding a second region of said first conductivity type 
ver said first region, said second region being lighter 
I than said first 



N layer (2) 



oped 1 



t region; 



roviding a third region of a second conductivity type 
iver said second region, said second and third regions 
onning a junction; 



P layer (8) 



►roviding a fourth region of said first conductivity type 
►ver said third region; 



N+ layer (9) lying above the P layer (8) 



>roviding a trench through said fourth region and third 
egions; and 



trench (10) through N+ layer (9) and P layer (8) 



providing a gate in said trench; 



poly gate (6) in trench (10) 



vherein a deepest part of said third regions is laterally 
paced fr om said trench; 



deepest part of the third region is laterally spaced from 
the trench (10) 



vherein a distance between said deepest part of said 
hird region and said first region is less than a depletion 
vidth of a planar junction which has the same doping 
jrofile as does said junction between said second and 
bir d regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 



the distance between the deepest part of the P layer (8) 
and the N+ layer (1) is less than a depletion width of a 
planar junction which has the same doping profile as 
does the junction between the N- layer (2) and the P layer 
(8) at the deepest part of the P layer (8) and which is 
reverse biased around its breakdown voltage 
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CLAIM 24 

24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



obvious to have deepest part of the third region doped 
heavier than the part adjacent said trench 
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JP 57-18365 



CLAIM 1 



1. A trench DMOS transistor cell comprising: 



VMOS FET 



See fig. 2 



a substrate of semiconductor material of heavily doped 
first electrical conductivity type; 



N+ layer (1) 



a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 



N layer (2) 



a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 
covering layer; 



Player (3) 



a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 
layer; 



N+ layer (4) lying partly over the P layer (3) 



a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 
portion of the second covering layer; 



trench (5) have a bottom surface and side surfaces which 
extend vertically downward through the N+ layer (4) and 
the P layer (3) and through a portion of the N layer (2) 

in fig. 4, the P layer (2) lies between the N+ layer (4) and 
the N layer (2) and extends below the bottom surface of 
the trench (5) 



electrically conducting semiconductor material 
positioned within the trench; 



gate (7) in trench (5) 



a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 
bottom and side surfaces of the trench; and 



gate oxide layer between gate (7) and trench (5) 



three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 



gate (7), source (6) and drain (not drawn) 
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U.S. Patent No. 5,298,442 



JP 57-18365 



CLAIM 17 



17. A method for providing a transistor, said method 
comprising the steps of : 



VMOS FET 
See fig. 2 



providing a first region of a first conductivity type; 



N+ layer (1) and N layer (2). 



providing a second region of a second conductivity type 
over said first region; 



P layer (3). 



providing a third region of said first conductivity type 
such that said first and third regions are separated by 
said second region; 



N+ layer (4) lying above the P layer (3). 



providing a trench through said third and second 
regions; and 



trench (5) through N+ layer (4) and P layer (3) 



providing a gate in said trench; 



gate (7) in trench (5) 



wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



the P layer (3) extends upward through the N+ layer (4) 
in fig. 4, P layer (4) extends deeper than trench (5) 



CLAIM 18 



18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 



obvious to have the second region with a heavier doped 
P+ portion laterally spaced from the trench (1) 



CLAIM 19 



19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
than said first portion. 



N+ layer ( 1 ) under N- layer (2) 



CLAIM 20 



20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 
second portion. 



avalanche breakdown is a reach-through breakdown 
across the N- layer (2) 



CLAIM 22 



21. The method of claim 17 further comprising the step 
Df providing an insulator between said surface of said 
Tench and said gate. 



gate oxide layer between gate (7) and trench (5) 



CLAIM 23 



13. A method for providing a transistor, said method 
:omprising the steps of: 



VMOS FET 



See fig. 2 



providing a first region of a first conductivity type; 



N+ layer (1) 



providing a second region of said first conductivity type 
pver said first region, said second region being lighter 
ioped than said first region; 



N layer (2) 
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providing a third region of a second conductivity type 
over said second region, said second and third regions 
forming a junction; 



providing a fourth region of said first conductivity type 
over said third region; 



Player (3) 



N+ layer (4) lying above the P layer (3) 



providing a trench through said fourth region and third 
regions; and 



trench (5) through N+ layer (4) and P layer (3) 



providing a gate in said trench; 



gate (7) in trench (5) 



wherein a deepest part of said third regions is laterally 
spaced from said trench; 



deepest part of the third region is laterally spaced from 
the trench (5) 



wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
Jiird regions at said deepest part of said third region and 
ivhich is reverse biased around its breakdown voltage. 



the distance between the deepest part of the P layer (3) 
and the N+ layer (1) is less than a depletion width of a 
planar junction which has the same doping profile as 
does the junction between the N- layer (2) and the P layer 
(3) at the deepest part of the P layer (3) and which is 
reverse biased around its breakdown voltage 



CLAIM 24 



14. The method of claim 23 wherein said deepest part of 
laid third region is doped heavier than a part of said 
hird region which part is adjacent said trench. 



obvious to have the second region with a heavier doped 
P+ portion laterally spaced from the trench (7) 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 



U.S. Patent 5,072,266 



CLAIM 1 



JP 59-80970 



. A trench DMOS transistor cell comprising: 



V Groove MOSFET 



See fig. 2 



substrate of semiconductor material of heavily doped 
irst electrical conductivity type; 



N+ layer (2) 



first covering layer of semiconductor material of said 
irst electrical conductivity type lying on the substrate; 



N layer (1) 



second covering layer of semiconductor material of 
econd electrical conductivity type lying on the first 
overing layer; 



Player (8) 



third covering layer of semiconductor material of 
eavily doped said first electrical conductivity type and 
aving a top surface and partly lying over the second 
overing layer, wherein a portion of the second covering 
Lyer is heavily doped and -this portion extends both 
ertically upward and downward, an upward portion 
^tending through the third covering layer to the top 
irface of the third covering layer and a downward 
ortion extending downward into the first covering 
iyerj_ 



N+ layer (4) lying partly over the P layer (8), where the P 
layer (8) extends vertically upward through the N+ layer 
(4) and vertically downward into the N layer (1) 



trench having a bottom surface and side surfaces and 
^tending vertically downward from the top surface of 
le third covering layer through the third covering layer 
ad the second covering layer and through a portion of 
ie first covering layer, wherein the bottom surface of 
le trench lies above a lowest part of the downward 
ortion of the second covering layer; 



trench having a bottom surface and side surface, and 
extending vertically downward through the N+ layer (4) 
and the P layer (8) and through a portion of the N layer 

(i) 
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electrically conducting semiconductor material 

positioned within the trench; • 

a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 

bottom and side surfaces of the trench; and 

three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 



U.S. Patent No. 5,298,442 

CLAIM 17 

17. A method for providing a transistor, said method 
comprising the steps of : 

providing a first region of a first conductivity type; 
providing a second region of a second conductivity type 

over said first region; 

providing a third region of said first conductivity type 
such that said first and third regions are separated by 

said second region; 

providing a trench through said third and second 

regions; and 

providing a gate in said trench; 

wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



CLAIM 18 

18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 

trench. 

CLAIM 19 

19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 

than said first portion. 

CLAIM 20 

20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 
second portion. ■ 



gate (6) in trench 



gate oxide layer (5) 



gate (5), source (7) and drain (not drawn) 



JP 59-80970 

V Groove MOSFET 

See fig. 2 

N+ layer (2) and N layer (1) 
Player (8) 



N+ layer (4) lying above the P layer (8) 



trench through N+ layer (4) and P layer (8) 



gate (6) in trench 

a portion of the P layer (8) is laterally spaced from the 
trench 



obvious to have the second region with a heavier doped 
P+ portion laterally spaced from the trench 



N+ layer (2) under N- layer (1) 



avalanche breakdown is a reach-through breakdown 
across the N- layer (1) 
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CLAIM 22 



21. The method of claim 17 further comprising the step 
Df providing an insulator between said surface of said 
drench and said gate. 



gate oxide layer (5) 



CLAIM 23 



23. A method for providing a transistor, said method 
:omprising the steps of: 



V Groove MOSFET 
See fig. 2 



providing a first region of a first conductivity type; 



N+ layer (2) 



providing a second region of said first conductivity type 
>ver said first region, said second region being lighter 
loped than said first region; 



N layer (1) 



>roviding a third region of a second conductivity type 
>ver said second region, said second and third regions 
brrning a junction; 



P layer (8) 



>roviding a fourth region of said first conductivity type 
>ver said third region; 



N+ layer (4) lying above the P layer (8) 



>roviding a trench through said fourth region and third 
egions; and 



V trench extends through the N+ layer (4) and the P layer 
(3) 



►roviding a gate in said trench; 



gate (6) in the V trench 



therein a deepest part of said third regions is laterally 
paced from said trench; 



the deepest part of the P layer (8) is laterally spaced from 
the V trench 



therein a distance between said deepest part of said 
bird region and said first region is less than a depletion 
/idth of a planar junction which has the same doping 
rofile as does said junction between said second and 
aird regions at said deepest part of said third region and 
■rhich is reverse biased around its breakdown voltage. 



the distance between the deepest part of the P layer (8) 
and the N+ layer (2) is less than a depletion width of a 
planar junction which has the same doping profile as 
does the junction between the N- layer (1) and the P layer 
(8) at the deepest part of the P layer (8) and which is 
reverse biased around its breakdown voltage 



CLAIM 24 



4. The method of claim 23 wherein said deepest part of 
aid third region is doped heavier than a part of said 
lird region which part is adjacent said trench. 



obvious to have the second region with a heavier doped 
P+ portion laterally spaced from the trench 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 



U.S. Patent 5,072,266 



U-MOS Power FET, National Technical 
Report, Vol. 29(2), April 1983 



CLAIM 1 



A trench DMOS transistor cell comprising: 



substrate of semiconductor material of heavily doped 
rst electrical conductivity type; 



U-MOSFET - see Fig. 3 Conceptional fabrication 
process of U-MOSFET 



n+ layer 



first covering layer of semiconductor material of said 
rst electrical conductivity type lying on the substrate; 



n- layer 



second covering layer of semiconductor material of 
;cond electrical conductivity type lying on the first 
jvering layer; 



p layer 



third covering layer of semiconductor material of 
;avily doped said first electrical conductivity type and 



n+ layer 
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having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 
layer; 



the p layer includes a p+ portion which extends upward 
through the n+ layer and downward into the n-layer 



a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 
portion of the second covering layer; 



trench with a bottom surface and side surfaces which 
extends downward from the top surface of the n+ layer 
through the n+ layer, the p layer and through a portion of 
the n- layer. 



electrically conducting semiconductor material 
positioned within the trench; 



semiconductor material within the trench 



a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 
bottom and side surfaces of the trench; and 



oxide positioned within the trench between the 
semiconductor material and the bottom and side surfaces 
of the trench 



three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 



three electrodes electrically coupled to the semiconductor 
material, to the top n+ layer and to the n+ substrate. 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 



U.S. Patent No. 5,298,442 

CLAIM 17 ~~ 

17. A method for providing a transistor, said method 

comprising the steps of : 

providing a first region of a first conductivity type; 

providing a second region of a second conductivity type 

over said first region; 

providing a third region of said first conductivity type 
such that said first and third regions are separated by 

said second region; 

providing a trench through said third and second 
regions; and 

providing a gate in said trench; 

wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



U-MOS Power FET, National Technical 
Reports Vol. 29(2), April 1983 



U-MOSFET- see Fig. 3 Conceptional fabrication 

process of U-MQSFET 

n+ layer substrate and n- layer 

p layer 



n+ layer 



trench with a bottom surface and side surfaces which 
extend vertically downward through the n+ third region, 

and the p second region 

gate electrode in the trench 

the p second region has a heavily doped p+ region which 
is spaced from said trench and extends deeper than said 
trench 
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CLAIM 18 

18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 

trench. 

CLAIM 19 

19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 

than said first portion. 

CLAIM 20 

20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 

second portion. 

CLAIM 22 

2 1 . The method of claim 1 7 further comprising the step 
of providing an insulator between said surface of said 

trench and said gate. 

CLAIM 23 

23. A method for providing a transistor, said method 

comprising the steps of: 

providing a first region of a first conductivity type; 
providing a second region of said first conductivity type 
over said first region, said second region being lighter 

doped than said first region; 

providing a third region of a second conductivity type 
over said second region, said second and third regions 

forming a junction; 

providing a fourth region of said first conductivity type 

over said third region; 

providing a trench through said fourth region and third 

regions; and 

providing a gate in said trench; . 

wherein a deepest part of said third regions is laterally 

spaced from said trench; 

wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 
CLAEM24 

24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



the p second region contains a portion P which is doped 
heavier than another portion of said second region which 
is adjacent said trench 



the first region comprises a n+ layer substrate (first 
portion) and a n- layer (second portion) 



avalanche breakdown is a reach-through breakdown 
across the n- layer (second portion) of the first region 



oxide positioned within the trench between the 
semiconductor material and the bottom and side surfaces 
of the trench 



U-MOSFET - see Fig. 3 Conceptional fabrication 

process of U-MOSFET 

n+ layer 

n- layer 



p layer over n- layer 



n+ layer formed over the p layer 

trench extending downward through the n+ layer (fourth 

region) and the p layer (third region) 

gate electrode in the trench 

the deepest part of the p layer (third region) is laterally 
spaced from the trench 



the deepest part of the p layer (third region) is doped 
heavier (p+) than the part of the p layer (third region) 
adjacent the trench 
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INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5.072.266 


U.S. Patent 5,072,266 
CLAIM 1 


KATOH 


1. A trench DMOS transistor cell comprising: 


Design of New Structural High Breakdown Voltage V- 
MOSFET— Static Shield V-MOSFET 

Fig. 3 Cross-sectional view and device parameters of 
SSV-MOSFET 


a substrate of semiconductor material of heavily doped 
first electrical conductivity type; 


n+ layer 


a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate- 


n- layer 


a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 
covering layer; 


p layer 


a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 
layer; 


n+ layer 


a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 
portion of the second covering layer; 


trench extends downward from the ton surface of the n+ 
layer through the n+ layer, the p layer and through a 
portion of the n- layer. 


electrically conducting semiconductor material 
positioned within the trench; 


semiconductor material within the trench 


a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 
bottom and side surfaces of the trench; and 


oxide positioned within the trench between the 
semiconductor material and the bottom and side surfaces 
of the trench 


three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 


three electrodes electrically coupled to the semiconductor 
material, to the top n+ layer and to the n+ substrate. 





Orrick 
Herrington 

!c SUTCLIFFE LLP 
Silicon Valley 
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INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 



U.S. Patent No. 5,298,442 



KATOH 



CLAIM 17 



17. A method for providing a transistor, said method 
comprising the steps of : 



Design of New Structural High Breakdown Voltage V- 
MOSFET— Static Shield V-MOSFET 

Fig. 3 Cross-sectional view and device parameters of 
SSV-MOSFET 



providing a first region of a first conductivity type; 



n+ layer substrate and n- layer 



providing a second region of a second conductivity type 
over said first region; 



p layer 



providing a third region of said first conductivity type 
such that said first and third regions are separated by 
said second region; 



n+ layer 



providing a trench through said third and second 
regions; and 



trench extends through the n+ layer (third region) and the 
p layer (second region) 



providing a gate in said trench; 



gate electrode in the trench 



wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



the p second region has a portion which is spaced from 
said trench and extends deeper than said trench 



CLAIM 18 



18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 



N/A 



CLAIM 19 



19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
than said first portion. 



the first region comprises a n+ layer substrate (first 
portion) and a n- layer (second portion) 



CLAIM 20 



20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 
second portion. 



avalanche breakdown is a reach-through breakdown 
across the n- layer (second portion) of the first region 



CLAIM 22 



21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 
trench and said gate. 



oxide positioned within the trench between the 
semiconductor material and the bottom and side surfaces 
of the trench 



CLAIM 23 



23. A method for providing a transistor, said method 
comprising the steps of: 



Design of New Structural High Breakdown Voltage V- 
MOSFET— Static Shield V-MOSFET 

Fig. 3 Cross-sectional view and device parameters of 
SSV-MOSFET 



providing a first region of a first conductivity type; 



n+ layer 
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providing a second region of said first conductivity type 
over said first region, said second region being lighter 

doped than said first region; 

providing a third region of a second conductivity type 
over said second region, said second and third regions 

forming a junction; 

providing a fourth region of said first conductivity type 

over said third region; 

providing a trench through said fourth region and third 

regions; and 

providing a gate in said trench; 

wherein a deepest part of said third regions is laterally 

spaced from said trench; 

wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 

CLAIM 24 

24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



n- layer 



p layer over n- layer 



n+ layer formed over the p layer 



trench extending downward through die n+ layer (fourth 

region) and the p layer (third region) ' 

gate electrode in the trench 

the deepest part of the p layer (third region) is laterally 
spaced from the trench 



N/A 



Prior Art Under 35 U.S.C S 103 Which Render the '266 and '442 Patents Obvious : 

U.S. Patent 4,345,265 in combination with U.S. Patent 4,374,455 
U.S. Patent 4,443,93 1 in combination with U.S. Patent 4,374,455 
U.S. Patent 4,532,534 in combination with U.S. Patent 4,374,455 
4 U.S. Patent 4,345,265 in combination with U.S. Patent 4,767,722 
U.S. Patent 4,783,694 in combination with U.S. Patent 3,412,297 
U.S. Patent 4,593,302 in combination with U.S. Patent 3,412,297 

(Multiple alternative combinations using the prior art references combined above can be 
made which additionally render the '266 and '442 patents obvious) 
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INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 



U.S. Patent 5,072,266 

CLAIM 1 

1. A trench DMOS transistor cell comprising: 



a substrate of semiconductor material of heavily doped 
first electrical conductivity type; 

a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 

a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 
covering layer; 

a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 
layer; 



a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third.covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 
portion of the second covering layer, 

electrically conducting semiconductor material 

positioned within the trench; 

a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 

bottom and side surfaces of the trench; and 

three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 
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'265 Patent: MOS Power Transistor With Improved 
High- Voltage Capability 

'455 Patent: Method for Manufacturing a Vertical, 

Grooved MOSFET 

'265 Patent: Figs. 4-6: N+ layer (10) 

'455 Patent: Fig. 2: N+ layer (34) 

'265 Patent: Figs. 4-6: N- layer (12) 

'455 Patent: Fig. 2: N- layer (36) . 

'265 Patent: Figs. 4-6: P- layer (20), (21), (22) and (23) 



'455 Patent: Fig. 2: P layer (52) and (54) 

'265 Patent: Figs. 4-6: N+ layer (32) and (34) partly 
lying over P- layer (20) and (22). 

'265 Patent: Figs. 4-6: a portion of the P- layer is a 
heavily doped P+ region (21) and (23) and extends both 
vertically upward and downward; an upward portion of 
the P+ region extends through the N+ layer (32) and (34) 
and a downward portion extends downward into the N- 
layer(12). 

'455 Patent: Fig. 2: N+ layer (40) partly lying over P 
layer (52) and (54) 

'455 Patent: Fig. 2: a portion of the P layer (52) is a 
heavily doped P+ region (54) and extends both vertically 
upward and downward; an upward portion of the P+ 
region extends through the N+ layer (40) and a 
downward portion extends downward in the N- layer 

I3& ; 

'455 Patent: Fig. 2: groove (42) having a bottom surface 
and side surfaces and extending vertically downward 
from the N+ layer (40) through the N+ layer (40) and the 
P layer (52) and through a portion of the N- layer (36). 

'265 patent and '455 patent: the deep P+ region (21) and 
(23) of the '265 patent would be below the lowest point 

of the grove (42) of the '455 patent 

'455 Patent: Fig. 2: electrode (49) 



'455 Patent: Fig. 2: oxide layer (47) within the groove 
(42) 



'455 Patent: Fig. 2: source electrodes (58), drain 
electrode (50) and gate electrode (49). 
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U.S. Patent No. 5,298,442 



CLAIM 17 

17. A method for providing a transistor, said method 
comprising the steps of : 



providing a first region of a first conductivity type; 



providing a second region of a second conductivity type 
over said first region; 



providing a third region of said first conductivity type 
such that said first and third regions are separated by 
said second region; 

providing a trench through said third and second 

regions; and 

providing a gate in said trench; 

wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



CLAIM 18 

18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 



CLAIM 19 . 

19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
than said first portion. 



U.S. Patent 4,345,265 
In Combination With 
U.S. Patent 4,374,455 



'265 Patent: MOS Power Transistor With Improved 
High- Voltage Capability 

'455 Patent: Method for Manufacturing a Vertical, 

Grooved MOSFET 

'265 Patent: Figs. 4-6: N+ layer (10) and N- layer (12) 

'455 Patent: Fig. 2: N+ layer (34) and N- layer (36) 
'265 Patent: Figs. 4-6: P- layer (20), (21), (22) and (23); 
Col. 3, In. 42. 

'455 Patent: Fig. 2: P layer (52) and (54) 

'265 Patent: Figs. 4-6: N+ layer (32) and (34) partly 
lying over P- layer (20) and (22). 

'455 Patent: Fig. 2: N+ layer (40) 

'455 Patent: Fig. 2: groove (42) extending vertically 
downward through the N+ layer (40) and the P layer (52) 
'455 Patent: Fig. 2: gate electrode (49) in groove (42) - 
'265 Patent: Col. 5, Ins. 32-47 - "The effect of regions 21 
and 23 in enhancing the breakdown characteristic of the 
DMOS structure comes about in several ways. First, the 
fact that the breakdown occurs at the external periphery 
of or beneath regions 21 and 22 diverts breakdown from 
the sensitive channel regions of the DMOS device in the 
P- regions under the gate 24." 

'265 patent and '455 patent: the deep P+ region (21) and 
(23) of the '265 patent would be below the lowest point 
of the grove (42) of the '455 patent 

'455 Patent: Fig. 2: a portion of the P layer (52) is a 
heavily doped P+ region (54) and extends both vertically 
upward and downward; an upward portion of the P+ 
region extends through the N+ layer (40) and a 
downward portion extends downward in the N- layer 
(36). 

'265 Patent: Figs. 4-6: a portion of the P- layer is a 
heavily doped P+ region (21) and (23) and extends both 
vertically upward and downward; P+ region (21) and 
(23) are more heavily doped than P- region (20) and (22) 
near the gate region. 

'455 patent: Fig. 2: N+ layer (34) under N- layer (36) 
'265 Patent: Figs. 4-6: N+ layer (10) under N- layer (12) 
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■ CLAIM 20 

20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 

second portion. 

CLAIM 22 

21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 

trench and said gate. 

CLAIM 23 

23. A method for providing a transistor, said method 
comprising the steps of: 



providing a first region of a first conductivity type; 



providing a second region of said first conductivity type 
over said first region, said second region being lighter 

doped than said first region; 

providing a third region of a second conductivity type 
over said second region, said second and third regions 
fanning a junction; 

providing a fourth region of said first conductivity type 
over said third region; 



providing a trench through said fourth region and third 

regions; and 

providing a gate in said trench; 

wherein a deepest part of said third regions is laterally 

spaced from said trench; 

wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 

CLAIM 24 

24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



'265 Patent and '455 Patent: avalanche breakdown 
would be a reach-through breakdown across the N- layer 
(12) 



'455 Patent: oxide (47) 



'265 Patent: MOS Power Transistor With Improved 
High- Voltage Capability 

'455 Patent: Method for Manufacturing a Vertical, 

Grooved MQSFET 

'265 Patent: Figs. 4-6: N+ layer (10) 

'455 Patent: Fig. 2: N+ layer (34) 

'265 Patent: Figs. 4-6: N- layer (12) 

'455 Patent: Fig. 2: N- layer (36) 

'265 Patent: Figs. 4-6: P- layer (20), (21), (22) and (23) 
over the second region 

'455 Patent: Fig. 2: P layer (52) ._ 

'265 Patent: Figs. 4-6: N+ layer (32) and (34) partly 
lying over P- layer (20) and (22). 

'455 Patent: Fig. 2: N+ layer (40) partly lying over P 

layer (52) 

'455 Patent: Fig. 2: groove (42) through the N+ layer 

(40) and the Player (52) 

'455 Patent: Fig. 2: gate electrode (49) 

'265 Patent: Figs. 4-6: P+ region (21) and (23) is 

laterally spaced from the gate 

'265 and '455: a distance between said deepest part of a 
third region and a first region would be less than a 
depletion width of a planar junction which has the same 
doping profile as does said junction between a second 
and third regions at said deepest part of the third region 
and which is reverse biased around its breakdown 
voltage. 

'265 Patent: Figs. 4-6: a portion of the P- layer is a 
heavily doped P+ region (21) and (23) and extends both 
vertically upward and downward; P+ region (21) and 
(23) are more heavily doped than P- region (20) and (22) 
near the gate region. 
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INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 


2 
3 


U.S. Patent 5,072,266 


U.S. Patent 4,443,931 
In Combination With 
U.S. Patent 4,374,455 




CLAIM 1 




4 

5 


1. A trench DMOS transistor cell comprising: 


'931 Patent: Method of Fabricating a Semiconductor 
Device With a Base Region Having a Deep Portion 


6 




'455 Patent: Method for Manufacturing a Vertical, 
Grooved MOSFET 


7 


a substrate of semiconductor material of heavily doped 
first electrical conductivity type; 


'931 Patent: Fig. 13: N+ layer (12) 
'455 Patent: Fig. 2: N+ layer (34) 


3 
9 


a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 


'931 Patent: Fig. 13: N layer (14) 
'455 Patent: Fig. 2: N- layer (36) 


10 


a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 
covering layer; 


'93 1 Patent: Fig. 13: P layer (34) and (28) 
'455 Patent: Fig. 2: P layer (52) and (54) 


11 
12 
13 
14 
15 
16 


a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 
layer; 


'93 1 Patent: Fig. 13: N+ layer (36) partly lying over P 
layer (34) and (28). 

'931 Patent: Fig. 13: a portion of the P layer (34) is a 
heavily doped P+ region (28) and extends both vertically" 
upward and downward; an upward portion of the P+ 
region extends through the N+ layer (38) and a 
downward portion extends downward into the N layer 
(14). 

<*jd ratent. rig. z. JN+ layer (40) partly lying over P 
layer (52) and (54) 


17 
18 
19 




'455 Patent: Fig. 2: a portion of the P layer (52) is a 
heavily doped P+ region (54) and extends both vertically 
upward and downward; an upward portion of the P+ 
region extends through the N+ layer (40) and a 
downward portion extends downward to the N- layer 
(36). 


20 

21 
22 
23 


a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 
portion of the second covering layer; 


'455 Patent: Fig. 2: groove (42) having a bottom surface 
and side surfaces and extending vertically downward 
from the N+ layer (40) through the N+ layer (40) and the 
P layer (52) and through a portion of the N- layer (36). 


24 


electrically conducting semiconductor material 
positioned within the trench; 


'455 Patent: Fig. 2: electrode (49) 


25 


a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 
bottom and side surfaces of the trench; and 


'455 Patent: Fig. 2: oxide layer (47) within the groove 
(42) 


26 
27 


three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 


'455 Patent: Fig. 2: source electrodes (58), drain 
electrode (50) and gate electrode (49). 


28 

Orrick 
Herrington 
& sutcliffe llp 
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INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 



U.S. Patent No. 5,298,442 

CLAIM 17 

17. A method for providing a transistor, said method 
comprising the steps of : 



providing a first region of a first conductivity type; 



providing a second region of a second conductivity type 
over said first region; 

providing a third region of said first conductivity type 
such that said first and third regions are separated by 
said second region; 

providing a triench through said third and second 

regions; and 

providing a gate in said trench; 

wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



CLAIM 18 

18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 



CLAIM 19 

19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 

than said first portion. 

CLAIM 20 

20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 
second portion. 



U.S. Patent 4,443,931 
In Combination With 
U.S. Patent 4374,455 



'931 Patent: Method of Fabricating a Semiconductor 
Device With a Base Region Having a Deep Portion 

'455 Patent: Method for Manufacturing a Vertical, 

Grooved MOSFET 

'931 Patent: Fig. 13: N+ layer (12) and N layer (14) 

'455 Patent: Fig. 2: N+ layer (34) and N- layer (36) 
'931 Patent: Fig. 13: P layer (34) and (28) 

'455 Patent: Fig. 2: P layer (52) 

'931 Patent: Fig. 13: N+ layer (12) partly lying over P ■ 
layer (34) 

'455 Patent: Fig. 2: N+ layer (40) 

'455 Patent: Fig. 2: groove (42) extending vertically 
downward through the N+ layer (40) and the P layer (52) 
'455 Patent: Fig. 2: gate electrode (49) in groove (42) 
'931 patent and '455 patent: the deep P+ region (28) of 
the '93 1 patent would be below the lowest point of the 
grove (42) of the '455 patent 



'931 Patent: Fig. 13: a portion of the P layer (34) is a 
heavily doped P+ region (28) 

'455 Patent: Fig. 2: a portion of the P layer (52) is a 
heavily doped P+ region (54) and extends both vertically 
upward and downward; an upward portion of the P+ 
region extends through the N+ layer (40) and a 
downward portion extends downward in the N- layer 
J3& 



'455 patent: Fig. 2: N+ layer (34) under N- layer (36) 
'93 1 Patent: Fig. 13: N+ layer (12) under N- layer (14) 



'931 Patent and '455 Patent: avalanche breakdown 
would be a reach-through breakdown across the N- layer 
(12) 
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CLAIM 22 

21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 

trench and said gate. 

CLAIM 23 

23. A method for providing a transistor, said method 
comprising the steps of: 



providing a first region of a first conductivity type; 



providing a second region of said first conductivity type 
over said first region, said second region being, lighter 

doped than said first region; 

providing a third region of a second conductivity type 
over said second region, said second and third regions 

forming a junction; 

providing a fourth region of said first conductivity type 
over said third region; 



providing a trench through said fourth region and third 

regions; and 

providing a gate in said trench; 

wherein a deepest part of said third regions is laterally 

spaced from said trench; 

wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 

CLAIM 24 

24. TJie method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



'455 Patent: oxide (47) 



'93 1 Patent: Method of Fabricating a Semiconductor 
Device With a Base Region Having a Deep Portion 

'455 Patent: Method for Manufacturing a Vertical, 

Grooved MOSFET 

'931 Patent: Fig. 13: N+ layer (12) 

'455 Patent: Fig. 2: N+ layer (34) 

'931 Patent: Fig. 13: N layer (14) 

'455 Patent: Fig. 2: N- layer (36) 

'931 Patent: Fig. 13: P layer (34) and (28) 

'455 Patent: Fig. 2: P layer (52) 

'931 Patent: Fig. 13: N+ layer (36) partly lying over P 
layer (34) and (28) 

'455 Patent: Fig. 2: N+ layer (40) partly lying over P 

layer (52) ] 1 

'455 Patent: Fig. 2: groove (42) through the N+ layer 

(40) and the P layer (52) 

'455 Patent: Fig. 2: gate electrode (49) 

'931 Patent: Fig. 13: P+ region (28) is laterally spaced 
from the gate 

'93 1 and '455: a distance between said deepest part of a 
third region and a first region would be less than a 
depletion width of a planar junction which has the same 
doping profile as does said junction between a second 
and third regions at said deepest part of the third region 
and which is reverse biased around its breakdown 
voltage. 



'93 1 Patent: Fig. 13: a portion of the Player is a heavily 
doped P+ region (28) and extends both vertically upward 
and downward; P+ region (28) is more heavily doped 
than P- region (34) near the gate region. 
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INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 



U.S. Patent 5,072,266 



U.S. Patent 4,532,534 
In Combination With 
U.S. Patent4,374,455 



CLAIM 1 



A trench DMOS transistor cell comprising: 



'534 Patent: MOSFET With Perimeter Channel 

'455 Patent: Method for Manufacturing a Vertical, 
Grooved MOSFET 



substrate of semiconductor material of heavily doped 
irst electrical conductivity type; 



'534 Patent: Fig. 2: N+ layer (118) 
'455 Patent: Fig. 2: N+ layer (34) 



first covering layer of semiconductor material of said 
irst electrical conductivity type lying on the substrate; 



'534 Patent: Fig. 2: N- layer (120) 
'455 Patent: Fig. 2: N- layer (36) 



second covering layer of semiconductor material of 
econd electrical conductivity type lying on the first 
overing layer; 



'534 Patent: Fig. 2: P layer (124) and (126) 
'455 Patent: Fig: 2: P layer (52) and (54) 



third covering layer of semiconductor material of 
eavily doped said first electrical conductivity type and 
Laving a top surface and partly lying over the second 
overing layer, wherein a portion of the second covering 
lyer is heavily doped and this portion extends both 
ertically upward and downward, an upward portion 
xtending through the third covering layer to the top 
urface of the third covering layer and a downward 
lortion extending downward into the first covering 
ayer; 



'534 Patent: Fig. 2: N+ layer (128) partly lying over P 
layer (124) and (126) 

'534 Patent: Fig. 2: a portion of the P layer is a heavily 
doped P+ region (126) and extends both vertically 
upward and downward; an upward portion of the P+ 
region extends through the N+ layer (128) and a 
downward portion extends downward into the N- layer 
(120). 

'455 Patent: Fig. 2: N+ layer (40) partly lying over P 
layer (52) and (54) 

'455 Patent: Fig. 2: a portion of the P layer (52) is a 
heavily doped P+ region (54) and extends both vertically 
upward and downward; an upward portion of the P+ 
region extends through the N+ layer (40) and a 
downward portion extends downward to the N- layer 
1361 



i trench having a bottom surface and side surfaces and 
ixtending vertically downward from the top surface of 
he third covering layer through the third covering layer 
ind the second covering layer and through a portion of 
he first covering layer, wherein the bottom surface of 
he trench lies above a lowest part of the downward 
)ortion of the second covering layer; 



'455 Patent: Fig. 2: groove (42) having a bottom surface 
and side surfaces and extending vertically downward 
from the N+ layer (40) through the N+ layer (40) and the 
P layer (52) and through a portion of the N- layer (36). 



jlectrically conducting semiconductor material 
)Ositioned within the trench; 



'455 Patent: Fig. 2: electrode (49) 



i layer of oxide positioned within the trench between the 
;lectrically conducting semiconductor material and the 
bottom and side surfaces of the trench; and 



'455 Patent: Fig. 2: oxide layer (47) within the groove 
(42) 



hree electrodes electrically coupled to the electrically 
:onducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 



'455 Patent: Fig. 2: source electrodes (58), drain 
electrode (50) and gate electrode (49). 
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INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 



U.S. Patent No. 5,298,442 



U.S. Patent 4,443,534 
In Combination With 
U.S. Patent 4,374,455 



CLAIM 17 



7. A method for providing a transistor, said method 
;omprising the steps of : 



534 Patent: MOSFET With Perimeter Channel 

455 Patent: Method for Manufacturing a Vertical, 
Grooved MOSFET 



>roviding a first region of a first conductivity type; 



'534 Patent: Fig. 2: N+ layer (118) and N layer (120) 
'455 Patent: Fig. 2: N+ layer (34) and N- layer (36) 



)roviding a second region of a second conductivity type 
>ver said first region; 



'534 Patent: Fig. 2: P layer (124) and (126) 
'455 Patent: Fig. 2: P layer (52) 



jroviding a third region of said first conductivity type 
;uch that said first and third regions are separated by 
;aid second region; 



'534 Patent: Fig. 2: N+ layer (128) partly lying over P 
layer (124) and (126) 

'455 Patent: Fig. 2: N+ layer (40) 



providing a trench through said third and second 
•egions; and . 



'455 Patent: Fig. 2: groove (42) extending vertically 
downward through the N+ layer (40) and the P layer (52) 



providing a gate in said trench; 



'455 Patent: Fig. 2: gate electrode (49) in groove (42) 



therein a portion P of said second region, which portion 
s spaced from said trench, extends deeper than said 
iench so that, if a predetermined voltage is applied to 
laid gate and to said third region and another 
^redetermined voltage is applied to said first region, an 
ivalanche breakdown occurs away from a surface of 
jaid trench. 



'534 patent and '455 patent: the deep P+ region (126) of 
the '534 patent would be below the lowest point of the- 
grove (42) of the '455 patent 



CLAIM 18 



18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 



'534 Patent: Fig. 12: a portion of the P layer is a heavily 
doped P+ region (126) 

'455 Patent: Fig. 2: a portion of the P layer (52) is a 
heavily doped P+ region (54) and extends both vertically 
upward and downward; an upward portion of the P+ 
region extends through the N+ layer (40) and a 
downward portion extends downward in the N- layer 
(36). 



CLAIM 19 



19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
t han said first portion. 



'455 patent: Fig. 2: N+ layer (34) under N- layer (36) 
'534 Patent: Fig. 2: N+ layer (118) under N- layer (120) 



CLAIM 20 



20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 
second portion. 



'534 Patent and '455 Patent: avalanche breakdown 
would be a reach-through breakdown across the N- layer 
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CLAIM 22 

21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 

trench and said gate. 

• CLAIM 23 

23. A method for providing a transistor, said method 
comprising the steps of: 



providing a first region of a first conductivity type; 



providing a second region of said first conductivity type 
over said first region, said second region being lighter 

doped than said first region; 

providing a third region of a second conductivity type 
over said second region, said second and third regions 

forming a junction; 

providing a fourth region of said first conductivity type 
over said third region; 



providing a trench through said fourth region and third 

regions; and 

providing a gate in said trench; 

wherein a deepest part of said third regions is laterally 

spaced from said trench; 

wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 



CLAIM 24 

24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



'455 Patent: oxide (47) 



'534 Patent: Method, of Fabricating a Semiconductor 
Device With a Base Region Having a Deep Portion 

'455 Patent: Method for Manufacturing a Vertical, 

Grooved MOSFET 

'534 Patent: Fig. 2: N+ layer (118) 

( 455 Patent: Fig. 2: N+ layer (34) 

'534 Patent: Fig. 2: N- layer (120) 

'455 Patent: Fig. 2: N- layer (36) 

'534 Patent: Fig. 2: P layer (124) and (126) 

'455 Patent: Fig. 2: P layer (52) 

'534 Patent: Fig. 2: N+ layer (128) partly lying over P 
layer (124) and (126) 

'455 Patent: Fig. 2: N+ layer (40) partly lying over P 

layer (52) r 

'455 Patent: Fig. 2: groove (42) through the N+ layer 

(40) and the Player (52) 

'455 Patent: Fig. 2: gate electrode (49) 

'534 Patent: Figs. 4-6: P+ region (126) is laterally 

spaced from the gate 

'534 and '455: a distance between said deepest part of a 
third region and a first region would be less than a 
depletion width of a planar junction which has the same 
doping profile as does said junction between a second 
and third regions at said deepest part of the third region 
and which is reverse biased around its breakdown 
voltage. 



'534 Patent: Figs. 4-6: a portion of the P layer is a 
heavily doped P+ region (126) and extends both 
vertically upward and downward; P+ region (126) is 
more heavily doped than P region (124) which is near the 
gate region. 
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INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 



U.S. Patent 5,072,266 



CLAIM 1 

1. A trench DMOS transistor cell comprising: 



a substrate of semiconductor material of heavily doped 
first electrical conductivity type; 

a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 

a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 
covering layer; 

a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 
layer; 



a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 
portion of the second covering layer; 



electrically conducting semiconductor material 

positioned within the trench; 

a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 

bottom and side surfaces of the trench; and 

three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, 



U.S. Patent 4,345,265 
In Combination With 
U.S. Patent 4,767,722 



'265 Patent: MOS Power Transistor With Improved 
High- Voltage Capability 

'722 Patent: Method for Making Planar Vertical Channel 

DMOS Structures 

'265 Patent: Figs. 4-6: N+ layer (10) 

'722 Patent: Figs. 6 and 8: N+ layer (10) 

'265 Patent: Figs. 4-6: N- layer (12) 

'722 Patent: Figs. 6 and 8: N- layer (11) 

'265 Patent: Figs. 4-6: P- layer (20), (21), (22) and (23) 



'722 Patent: Figs. 6 and 8: P layer (20a) 

'265 Patent: Figs. 4-6: N+ layer (32) and (34) partly 
lying over P- layer (20) and (22). 

'265 Patent: Figs. 4-6: a portion of the P- layer is a 
heavily doped P+ region (21) and (23) and extends both 
vertically upward and downward; an upward portion of 
the P+ region extends through the N+ layer (32) and (34) 
and a downward portion extends downward into the N- 
layer(12). 

'722 Patent: Figs. 6 and 8: N+ layer (21a) partly lying 

over P layer (20a) 

'722 Patent: Figs. 6 and 8: groove (31) having a bottom 
surface and side surfaces and extending vertically 
downward from the N+ layer (21a) through the N+ layer 
(21a) and the P layer (20a) and through a portion of the 
N- layer (11). 

'265 patent and '455 patent: the deep P+ region (21) and 
(23) of the '265 patent would be below the lowest point 

of the grove (42) of the '455 patent 

'722. Patent: Figs. 6 and 8: gate (34) 



'722 Patent: Figs. 6 and 8: oxide layer (32) within the . 
groove (31) 



'722 Patent: Fig. 6 and 8: source electrodes (50), drain 
electrode (51) and gate electrode (49). 
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INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 



U.S. Patent No. 5,298,442 



U.S. Patent 4,345,265 
In Combination With 
U.S. Patent 4,767,722 



CLAIM 17 



17. A method for providing a transistor, said method 
comprising the steps of : 



'265 Patent: MOS Power Transistor With Improved 
High- Voltage Capability 

'722 Patent: Method for Making Planar Vertical Channel 
DMOS Structures 



providing a first region of a first conductivity type; 



'265 Patent: Figs. 4-6: N+ layer (10) and N- layer (12) 

'722 Patent: Figs. 6 and 8: N+ layer (10) and N- layer 
(11) 



providing a second region of a second conductivity type 
over said first region; 



'265 Patent: Figs. 4-6: P- layer (20), (21), (22) and (23); 
Col. 3, In. 42. 

c 722 Patent: Figs. 6 and 8: P layer (20a) 



providing a third region of said first conductivity type 
such that said first and third regions are separated by 
said second region; 



'265 Patent: Figs. 4-6: N+ layer (32) and (34) partly 
lying over P- layer (20) and (22). 

'722 Patent: Figs. 6 and 8: N+ layer (21a) 



providing a trench through said third and second 
regions; and 



'722 Patent: Figs. 6 and 8: groove (31) extending 
vertically downward through the N+ layer (21a) and the 
P layer (20a) 



providing a gate in said trench; 



'722 Patent: Figs. 6 and 8: gate (34) in groove (31) 



wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



'265 Patent: Col 5, Ins. 32-47 - "The effect of regions 21 
and 23 in enhancing the breakdown characteristic of the 
DMOS structure comes about in several ways. First, the 
fact that the breakdown occurs at the external periphery 
of or beneath regions 21 and 22 diverts breakdown from 
the sensitive channel regions of the DMOS device in the 
P- regions under the gate 24." 

'265 patent and '722 patent: the deep P+ region (21) and 
(23) of the '265 patent would be below the lowest point 
of the grove (31) of the '722 patent 



CLAIM 18 



18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 



'265 Patent: Figs. 4-6: a portion of the P- layer is a 
heavily doped P+ region (21) and (23) and extends both 
vertically upward and downward; P+ region (21) and 
(23) are more heavily doped than P- region (20) and (22) 
near the gate region. 



CLAIM 19 



19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
than said first portion. 



'722 patent: Figs. 6and 8: N+ layer (10) under N- layer 
'265 Patent: Figs. 4-6: N+ layer (10) under N- layer (12) 



CLAIM 20 



20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 
second portion. 



'265 Patent and '722 Patent: avalanche breakdown 
would be a reach-through breakdown across the N- layer 
(11) of the '722 Patent 
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CLAIM 22 

21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 
trench and said gate. 

CLAIM 23 

23. A method for providing a transistor, said method 
comprising the steps of: 



providing a first region of a first conductivity type; 



providing a second region of said first conductivity type 
over said first region, said second region being lighter 

doped than said first region; 

providing a third region of a second conductivity type 
over said second region, said second and third regions 
forming a junction; 

providing a fourth region of said first conductivity type 
over said third region; 



providing a trench through said fourth region and third 

regions; and 

providing a gate in said trench; 

wherein a deepest part of said third regions is laterally 

spaced from said trench; 

wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 

CLAIM 24 

24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



'722 Patent: oxide (32) 



'265 Patent: MOS Power Transistor With Improved 
High- Voltage Capability 

'722 Patent: Method for Making Planar Vertical Channel 

DMQS Structures 

'265 Patent: Figs. 4-6: N+ layer (10) 

'722 Patent: Figs. 6 and 8: N+ layer (10) : 

'265 Patent: Figs. 4-6: N- layer (12) 

'722 Patent: Figs. 6 and 8: N- layer (1 1) 

'265 Patent: Figs. 4-6: P- layer (20), (21), (22) and (23) 
over the second region 

'722 Patent: Figs. 6 and 8: P layer (20a) 

'265 Patent: Figs. 4-6: N+ layer (32) and (34) partly 
lying over P- layer (20) and (22). 

'722 Patent: Fig. 6 and 8: N+ layer (21a) partly lying * 

over P layer (20a) 

'722 Patent: Figs. 6 and 8: groove (31) through the N+ 

layer (21a) and the P layer (20a) 

'722 Patent: Figs. 6 and 8: gate (34) 

'265 Patent: Figs. 4-6: P+ region (2 1) and (23) is 

laterally spaced from the gate 

'265 and '722: a distance between said deepest part of a 
third region and a first region would be less than a 
depletion width of a planar junction which has the same 
doping profile as does said junction between a second 
and third regions at said deepest part of the third region 
and which is reverse biased around its breakdown 
voltage. 



'265 Patent: Figs. 4-6: a portion of the P- layer is a 
heavily doped P+ region (21) and (23) and extends both 
vertically upward and downward; P+ region (21) and 
(23) are more heavily doped than P- region (20) and (22) 
near the gate region. 
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INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,072,266 



U.S. Patent 5,072,266 



CLAIM 1 

1. A trench DMOS transistor cell comprising: 



a substrate of semiconductor material of heavily doped 

first electrical conductivity type; 

a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 

a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 

covering layer; 

a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 

layer; 

a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 

portion of the second covering layer; 

electrically conducting semiconductor material 

positioned within the trench; 

a layer of oxrde positioned within the trench between the 
electrically conducting semiconductor material and the 

bottom and side surfaces of the trench; and 

three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 



U.S. Patent 4,783,694 
In Combination With 
U.S. Patent 3,412,297 



'694 Patent: Integrated Bipolar-MOS Semiconductor 
Device with Common Collector and Drain 

'297 Patent: MOS Field-Effect Transistor with a One- 

Micron Vertical Channel 

'694 Patent: Fig. 5: N substrate (40c) 



'694 Patent: Fig. 5: N-Epi layer (40) 

'297 Patent: Figs. 4-6: N layer (10) 

'694 Patent: Fig. 5: P layer (42), (42a) and (42e) 

'297 Patent: Figs. 4-6: P layer (12) 

'694 Patent: Fig. 5: N+ layer (44) partly lying over P 
layer (42a) and (42e) where a portion of the P layer (42e) 
is heavily doped P+ and extends vertically upward 
through the N+ layer (44) and vertically downward into 
the N-Epi layer (40) 

'297 Patent: Figs. 4-6: N layer (16) partly lying over P 
layer (12) 



'297 Patent: Figs 4-6: trench (18) extends downward 
from the top surface of the N layer (16) through the N 
layer (16), P layer (12) and through a portion of the N 
layer (10) 



'297 Patent: conductive semiconductor material (24) 



'297 Patent: oxide (14) 



'694 Patent: gate (47), source (36) and drain (40c) 

'297 Patent: electrodes coupled to the gate (24), source 
(22) and drain (20) 
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INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 



U.S. Patent No. 5,298,442 

CLAIM 17 

17. A method for providing a transistor, said method 
comprising the steps of : 



providing a first region of a first conductivity type; 



providing a second region of a second conductivity type 
over said first region; 



providing a third region of said first conductivity type 
such that said first and third regions are separated by 
said second region; 



providing a trench through said third and second 

regions; and 

providing a gate in said trench; 

wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



CLAIM 18 

18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 

CLAIM 19 

19. TJie method of clairrr 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 

than said first portion. 

CLAIM 20 

20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 

second portion. 

CLAIM 22 

21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 
trench and said gate. 



U.S. Patent 4,783,694 
In Combination With 
U.S. Patent 3,412,297 



'694 Patent: Integrated Bipolar-MOS Semiconductor 
Device with Common Collector and Drain 

'297 Patent: MOS Field-Effect Transistor with a One- 

Micron Vertical Channel 

'694 Patent: Fig. 5: N-Epi layer (40). 

'297 Patent: Figs. 4-6: N layer (10) 

'694 Patent: Fig. 5: P layer (42), (42a) and (42e) lying 
over the N-Epi layer (40) 

'297 Patent: Figs. 4-6: P layer (12) 

'694 Patent: Fig. 5: N+ layer (44) partly lying over P 
layer (42a) and (42e) 

'297 Patent: Figs. 4-6: N layer (16) partly lying over P 

layer (12) ' ^ 

'297 Patent: Figs. 4-6: trench (18) through the N layer 

(16) and the Player (12) 

'297 Patent: Figs. 4-6: gate (24) in trench (18) 

'694 patent and '297 patent: the deep P+ region (42e) of 
the '694 patent would be below the lowest point of the 
trench ( 1 8) of the '297 patent 



'694 Patent: Fig. 5: a portion of the P layer is a heavily 
doped P+ reg;ion (42e); the P+ region (42e) is doped 
heavier than the P region (42a) adjacent the gate region. 



'694 patent: Fig. 5: N+ layer (40c) under N epi layer (40) 



'694 Patent and '297 Patent: avalanche breakdown 
would be a reach-through breakdown across the N epi 
layer 



'297 Patent: oxide (14) 
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CLAIM 23 



3. A method for providing a transistor, said method 
omprising the steps of: 



'694 Patent: Integrated Bipolar-MOS Semiconductor 
Device with Common Collector and Drain 

'297 Patent: MOS Field-Effect Transistor with a One- 
Micron Vertical Channel 



roviding a first region of a first conductivity type; 



roviding a second region of said first conductivity type 
ver said first region, said second region being lighter 
oped than said first region; 



'694 Patent: Fig. 2: N-Epi layer (40) 
'297 Patent: Figs. 4-6: N layer (10) 



roviding a third region of a second conductivity type 
iver said second region, said second and third regions 
orming a junction; 



'694 Patent: Fig. 2: P layer (42), (42a) and (42e) 
'297 Patent: Figs. 4-6: P layer (12) 



iroviding a fourth region of said first conductivity type 
iver said third region; 



'694 Patent: Fig. 2: N+ layer (44) partly lying over P 
layer (42a) and (42e) 

'297 Patent: Figs. 4-6: N layer (16) partly lying over P 
layer (12) 



►roviding a trench through said fourth region and third 
egions; and 



'297 Patent: Figs..4-6: trench (18) through N layer (16) 
and Player (12) 



►roviding a gate in said trench; 



'297 Patent: Figs. 4-6: gate (24) in trench (18) 



therein a deepest part of said third regions is laterally 
paced from said trench; 



'694 Patent: Fig. 5: the deepest part of the P region (42e) 
is laterally spaced form said trench 



therein a distance between said deepest part of said 
hird region and said first region is less than a depletion 
vidth of a planar junction which has the same doping 
>rofile as does said junction between said second and 
hird regions at said deepest part of said third region and 
vhich is reverse biased around its breakdown voltage. 



'694 and '297: a distance between said deepest part of -a 
third region and a first region would be less than a 
depletion width of a planar junction which has the same 
doping profile as does said junction between a second 
and third regions at said deepest part of the third region 
and which is reverse biased around its breakdown 
voltage. 



CLAIM 24 



>4. The method of claim 23 wherein said deepest part of 
;aid third region is doped heavier than a part of said 
hird region which part is adjacent said trench. 



'694 Patent: Fig. 5: a portion of the P layer is a heavily 
doped P+ region (42e) and extends both vertically 
upward and downward; P+ region (42e) is more heavily 
doped than P region (42a) which is near the gate region. 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO, 5,072,266 



U.S. Patent 5,072,266 



CLAIM 1 



U.S. Patent 4,593,302 
In Combination With 
U.S. Patent 3,412,297 



L . A trench DMOS transistor cell comprising: 



'302 Patent: Process for Manufacture of High Power 
MOSFET with Laterally Distributed High Carrier 
Density Beneath the Gate Oxide 

'297 Patent: MOS Field-Effect Transistor with a One- 
Micron Vertical Channel 



a substrate of semiconductor material of heavily doped 
first electrical conductivity type; 



'302 Patent: Figs. 20 and 22: N+ layer 



a first covering layer of semiconductor material of said 
first electrical conductivity type lying on the substrate; 



'302 Patent: Figs. 20 and 22: N layer (100) 
'297 Patent: Figs. 4-6: N layer (10) 
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a second covering layer of semiconductor material of 
second electrical conductivity type lying on the first 

covering layer; 

a third covering layer of semiconductor material of 
heavily doped said first electrical conductivity type and 
having a top surface and partly lying over the second 
covering layer, wherein a portion of the second covering 
layer is heavily doped and this portion extends both 
vertically upward and downward, an upward portion 
extending through the third covering layer to the top 
surface of the third covering layer and a downward 
portion extending downward into the first covering 

layer; 

a trench having a bottom surface and side surfaces and 
extending vertically downward from the top surface of 
the third covering layer through the third covering layer 
and the second covering layer and through a portion of 
the first covering layer, wherein the bottom surface of 
the trench lies above a lowest part of the downward 

portion of the second covering layer; 

electrically conducting semiconductor material 

positioned within the trench; 

a layer of oxide positioned within the trench between the 
electrically conducting semiconductor material and the 

bottom and side surfaces of the trench; and 

three electrodes electrically coupled to the electrically 
conducting semiconductor material, to the third covering 
layer and to the substrate, respectively. 



'302 Patent: Figs. 20 and 22: P layer (220) and (221) 

'297 Patent: Figs. 4-6: P layer (12) 

'302 Patent: Figs. 20 and22: N+ layer (170) and (171) 
partly lying over P layer (220) and (221) where a portion 
of the P layer (220) and (221) is heavily doped P+ and 
extends vertically upward through the N+ layer (170) and 
(171) and vertically downward into the N layer (100) 

'297 Patent: Figs. 4-6: N layer (16) partly lying over P 
layer (12) 



'297 Patent: Figs 4-6: trench (18) extends downward 
from the top surface of the N layer (16) through the N 
layer (16), P layer (12) and through a portion of the N 
layer (10) 



'297 Patent: conductive semiconductor material (24) 



'297 Patent: oxide (14) 



'320 Patent: gate (132), source (210) and drain (270) 

'297 Patent: electrodes coupled to the gate (24), source 
(22) and drain (20) 



INVALIDITY CLAIM CHART FOR U.S. PATENT NO. 5,298,442 



U.Si Patent No. 5,298,442 

CLAIM 17 

17. A method for providing a transistor, said method 
comprising the steps of : 



providing a first region of a first conductivity type; 



providing a second region of a second conductivity type 
over said first region; 



providing a third region of said first conductivity type 
such that said first and third regions are separated by 
said second region; 
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'302 Patent: Process for Manufacture of High Power 
MOSFET with Laterally Distributed High Carrier 
Density Beneath the Gate Oxide 

'297 Patent: MOS Field-Effect Transistor with a One- 

Micron Vertical Channel 

'302 Patent: Figs. 20 and 22: N+ layer and N layer (100) 

'297 Patent: Figs. 4-6: N layer (10) 

'302 Patent: Figs. 20 and 22: P+ layer (220) and (221) 
lying over the N layer (100) 

'297 Patent: Figs. 4-6: P layer (12) 

'302 Patent: Figs. 20 and 22: N+ layer (170) and (171) 
partly lying over P layer (220) and (221) 

'297 Patent: Figs. 4-6: N layer (16) partly lying over P 
layer (12) 
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providing a trench through said third and second 
regions; and . 



'297 Patent: Figs. 4-6: trench (18) through the N layer 
(16) and the P layer (12) 



providing a gate in said trench; 



'297 Patent: Figs. 4-6: gate (24) in trench (18) 



wherein a portion P of said second region, which portion 
is spaced from said trench, extends deeper than said 
trench so that, if a predetermined voltage is applied to 
said gate and to said third region and another 
predetermined voltage is applied to said first region, an 
avalanche breakdown occurs away from a surface of 
said trench. 



'302 patent and '297 patent: the deep P+ region (220) 
and (221) of the '302 patent would be below the lowest 
point of the trench (18) of the '297 patent 



CLAIM 18 



18. The method of claim 17 wherein said portion P of 
said second region is doped heavier than another portion 
of said second region which portion is adjacent said 
trench. 



'302 Patent: Figs. 20 and 22: a portion of the P layer is 
heavily doped P+ region (220) and (221); the P+ region 
(220) and (221) could be doped heavier than the P region 
adjacent the gate region. 



CLAIM 19 



19. The method of claim 17 wherein said first region 
comprises a first portion and a second portion over said 
first portion, said second portion being lighter doped 
than said first portion. 



'302 patent: Figs. 20 and 22: N+ layer under N- layer 
(100) 



CLAIM 20 



20. The method of claim 19 wherein said avalanche 
breakdown is a reach-through breakdown across said 
second portion. 



'302 Patent and '297 Patent: avalanche breakdown 
would be a reach-through breakdown across the N- layer 
(100) 



CLAIM 22 



21. The method of claim 17 further comprising the step 
of providing an insulator between said surface of said 
trench and said gate. 



'297 Patent: oxide (14) 



CLAIM 23 



23. A method for providing a transistor, said method 
comprising the steps of: 



'302 Patent: Process for Manufacture of High Power 
MOSFET with Laterally Distributed High Carrier 
Density Beneath the Gate Oxide 

'297 Patent: MOS Field-Effect Transistor with a One- 
Micron Vertical Channel 



providing a first region of a first conductivity type; 



'302 Patent: Figs. 20 and 22: N+ layer 



providing a second region of said first conductivity type 
over said first region, said second region being lighter 
doped than said first region; 



'302 Patent: Figs. 20 and 22: N layer (100) 
'297 Patent: Figs. 4-6: N layer (10) 



providing a third region of a second conductivity type 
over said second region, said second and third regions 
forming a junction; 



'302 Patent: Figs. 20 and 22: P layer (220) and (221) 
'297 Patent: Figs. 4-6: P layer (12) 



providing a fourth region of said first conductivity type 
over said third region; 



'302 Patent: Figs. 20 and 22: N+ layer (170) and (171) 
partly lying over P layer (220) and (221) 

'297 Patent: Figs. 4-6: N layer (16) partly lying over P 
layer (12) 



providing a trench through said fourth region and third 
regions; and 



'297 Patent: Figs. 4-6: trench (18) through N layer (16) 
and Player (12) 



providing a gate in said trench; 



'297 Patent: Figs. 4-6: gate (24) in trench (18) 
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wherein a deepest part of said third regions is laterally 

spaced from said trench; 

wherein a distance between said deepest part of said 
third region and said first region is less than a depletion 
width of a planar junction which has the same doping 
profile as does said junction between said second and 
third regions at said deepest part of said third region and 
which is reverse biased around its breakdown voltage. 



CLAIM 24 

24. The method of claim 23 wherein said deepest part of 
said third region is doped heavier than a part of said 
third region which part is adjacent said trench. 



'302 Patent: Figs 20 and 22: deepest part the third (220) 
and (221) is laterally spaced from said gate region 
'302 and '297: a distance between said deepest part of a 
third region and a first region would be less than a 
depletion width of a planar junction which has the same 
doping profile as does said junction between a second 
and third regions at said deepest part of the third region 
and which is reverse biased around its breakdown 
voltage. 



'302 Patent: Figs. 20 and 22: a portion of the P layer is a 
heavily doped P+ region (220) and (221) and extends 
both vertically upward and downward; P+ region (220) 
and (221) could be more heavily doped than P region 
which is near the gate region. 



Fairchild reserves the right to revise and supplement the claim analysis upon further 
discovery, investigation and analysis prior to the close of discovery. Additionally, the claim 
construction found by the Court may significantly alter Fairchild's invalidity arguments. 

Fairchild asserts that the '266 and '442 patents are invalid under 35 U.S.C. § 1 12, 
U 1, as not containing a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in 
the art to which it pertains, or with which it is most nearly connected, to make and use the 
invention. 

Additionally, Fairchild asserts that claim 1 of the '266 and claims 17, 18, 19, 20, 
22, 23 and 24 of the '442 patent are invalid as being indefinite under the 35 U.S.C. § 1 12, 1J 2. 
Claim 1 of the '266 and claims 17, 18, 19, 20, 22, 23 and 24 of the '442 patent fail to distinctly 
claim the subject matter of the invention. For example, the limitation of claim 23 of the '442 
patent "wherein a distance between said deepest part of said third region and said first region is 
less than a depletion width of a planar junction which has the same doping profile as does said 
junction between said second and third regions at said deepest part of said third region and which 
is reverse biased around its breakdown voltage" is indefinite under 35 U.S.C § 1 12, H 2. 

Additionally, Fairchild reserves the right to raise a best mode defense upon 
completion of discovery, specifically upon completion of the depositions of the inventors 
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In defense of Siliconix's allegation of willful infringement, Fairchild intends to rely 
upon the opinion(s) of counsel Townsend, Townsend & Crew dated December 23, 1998 and 
December 8, 1999. Supplemental invalidity/non-infringement opinion(s) will soon be provided to 
trial counsel. 



Dated: August 30, 2000. 



TERRENCE P. MCMAHON 
WILLIAM L. ANTHONY, JR 
MONTE COOPER 
KAI TSENG 
THOMAS J. GRAY 

ORRICK, HERRINGTON & SUTCLEFFE LLP 



Kai Tseng 



Attorneys for Defendant 
FAIRCHILD SEMICONDUCTOR, INC. 
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T- <x£NCE P: McMAHON (State Bar No. 71910) 
WILLIAM L.. ANTHONY, JR. (State Bar No. 106908) 
MONTE COOPER (State Bar No. 196746) 
KAI TSENG (State Bar No. 193756) 
THOMAS J. GRAY (State Bar No. 191411) 
ORRICK, HERRINGTON & SUTCLCFFE LLP 
1020 Marsh Road 
Menlo Park, CA 94025 
Telephone: (650) 614-7400 
Facsimile: (650)614-7401 

Attorneys for Defendant, 
FAIRCHILD SEMICONDUCTOR 



UNITED STATES DISTRICT COURT 
NORTHERN DISTRICT OF CALIFORNIA 



SILICONLX INCORPORATED, a 
Delaware corporation 

Plaintiff, 



v. 



FAIRCHILD SEMICONDUCTOR 
CORPORATION, a Delaware corporation, 

Defendant. 



CASE NO: C99-04797 SBA 

AMENDED INITIAL DISCLOSURE OF 
DEFENDANT FAIRCHILD 
SEMICONDUTOR - PRIOR ART 
PURSUANT TO CIVIL LOCAL RULE 16-7 



I. 



a YfTNDFn iNITTii nisn OSUB F OF PRIOR ART PURSUANT 



28 

ORR'.CK. HERRINGTON 
A SLTCUFFE LLP 



TOl.R. 16-7(D) 

Pursuant to Local Rule !6-7(d), defendant Fairchild Semiconductor Corporation 
("Fairchild") makes the following amended initial disclosure o f prior art: 

Attached hereto is Fairchild's amended initial disclosure of prior art patents, 
products and publications, and tables categorizing those references. Faxrchild's investigate, 
and its analysis of the listed references, is continuing, and Fairchild reserves the right to 
supplement and to revise the information provided herein as further analysis is performed, 
additional information becomes available and discovery is completed. .Ml patents are U.S. 
patents unless, otherwise noted. On information and belief, each listed publication was published 
at least as early as the date given. 
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Fairchild incogs, in full, all references cited (however parually) u, the 
pa.enu-u.-sui, and/or in .heir respecttve o. htstories, as if My se. forth herein. 

While Faircluld will preliminarily identify pursuant ,„ Local Rule 16.7(e) the 
pnor « references which Fa.chi.d beheves anhcipa.es unasserted claims or the comburanon of 
pnor ar, references which render the asserted Cairns obvtous. please note that the Wormahon m 
dus document is provisional and subject to region, for the following reasons: 

(i) Fairchild's position on the invalidity of particular claims will depend on 
how those claims are consfrued by *e Court. Because Cairn conation has no, ye, occurred 
Farchtld cannot take a flnal position on the bases for invalidity of dtsputed Cauns because the 
Court may consrrue those claims to mean sornethin, different front wha, Fairchild presently 
assumes them to mean. 

(ii) Fairchild's search For prior art is on-going. 

(iii) Fan-child has not completed its discovery from Siliconix Inc. Depositions ■ 
" of the persons involved in the drafhng and prosecution of the patent-in-suu, and of the mventors 
1 5 i for mstance, will likely reveal information that affects the conclusions herein. 
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Orrick. Herrincton 

& SUTCLIFFS LLP 



RODUCTTO,VQFnnCUMF..NT S Prr Pg fr AlNTTnf p t£ , f 

As required by Local Rule 16-7(f), Fairchild has already produced technical 
documentation for the Fan-child FDS6680A, the only product accused of infnngement in 
Siliconix's Claim Chart. 

The undersigned certifies that pursuant to local rule 16-6(c) to the best of his 
2 1 knowledge information and belief formed after a reasonable mquiry, that the disclosure is 
2 2 I complete and correct, as of this date. 
Dated; August 30, 2000 

ORRICK, HERRJNGTON & SUTCLIFFE LLP 
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Kai Tseng 

^Attorneys for Defendant 
Fairchild Semiconductor Corporation 
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Important Trench Patents (06/1 1/96) 
- National Semiconductor - 
Abstract ot Patent : 

Integrated Circuit With 
Planarized Shallow Trench 
Isolation 


Important Trench Patents (06/1 1/96) 
- National Semiconductor - ! 
Abstract of Patent : 

Simple Planarized Trench 
Isolalion and Field Oxide 
Fonnalion Using Poly-Silicon 
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Important Trench Patents (06/1 1/96) 
- National Senuconducior - 
Abstract of Patent : 

Self-Aligned Channel Stop 
for Trench-Isolated Island 
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